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2.0 This Memo € 8  43 s u ! r y  of JPL guidance and co 
development activity over t h e  past three pear 
paratfoA of t.l-119 report has bean-short it is 
excerpts Worn pryrious internal'md external 

I 

2 .0  Senoore that have'flown.. 

a. Ranger Sun bensors'.(Sec pages 5 ,  6, a, 9, L5)r 

1. 

. 
f i t i ~ e d  - no moving' parts - can be d i  
with no effect: J '  

No appreciable scale factor change 
change. I .  . 

2. 

3 .  * 4 f l  sterad 

4.' 200 arirlliwatt pomr consllmption b r  

5 .  * Lrge output - :6 voltp/dQgree a t ' 6  
Fresmplif i er  .+required. 

6 .  Accuracy average on 24 single u i s  

'field df .view.' 

a r  

< .  

40pY t o  160.F null s h i f t  =- 20 're$ 

; KuU offbet average before f l i g h t  

$ u U  offset average after. fLig 
2.5" ;ti0 B0C 1- * 

,. .'P d f ~ z  aec I'W' , 
:: 1 

*. 

. 'The ahove numbers includ 

Hanger Earth Sensor (See' pagesd'j, 31 t. 



. .  ' Y  . F. H. Haglund 

0 2.  Handles 3 large dynanic  rpnqe by E7 property of -photvmultip:ier 
gain. 

, 1. 2 - 9  watts,  4 . 6  i h s ,  ii' irar,a;stom. 

4. 
. t  

Guite unsensltive to stray Ai.@.i. 

5 .  Accuracy Z . I  1'- +Sg of apparent &gular diameter of ear th . ,  

, '  

. b  
c .  Mariner 11. Sun Seneors. 

I ,  
i .  Very s i n i l q  ,to Hanger tykes ex:cpt the "8hador vane" i a  

sborter. Scale factcrr is 4 v c l t a  per degree at, 
impedance. 

Sun Sate  (See page3 34, 43) .  

c bK outgut 
Eio prempii f iers required. 

i .  Indicates when sun is with ih  

t1. 1 2 . 5 0  tri- 3Uti f o r  acqui8itjan logic. . *  

.. 

7.  Acquisitibn signal ti' vo l ts  f i v o l t .  . 
8. Lig!!t f ! ~ .  readout zero to -3 voits  d .  6. 

9. Len8 7 c;ement. f 1.4 2" focal l e n g t h .  

2.b Zsnsors deve:.>;~i  tu  the working prototype stage. 

a .  Hnr?ner i Sdrjeon Scanner (See pages 27, 31-33, 39). 

.' . 

1. 

&.'. 'idair w. ''wt!imse'' aevelornent. 

?. 

Works or. A' to 70' diameter plmets. 

1jpcr;l:es in 13 . d c r m  region using  bolometer detector. 

L.  Four ?eaf rtzaette ncim pattern'with .5 x ..So instantaneous 
f i e l d  of VIUW. 



?. Time c,mst;rnt, of boA&tc*.er and pre-amp is 'one millisecond. 

. F. Time for one complete rosette is 560 111ll~l iSeCo~d8.  
t .  . .  

. .  SI.  5 0  trans;3toru, 10 gears, 2 motom, 10 watt3 ,  11 pw,ds.  
' 

; ( . a .  N G ~ L ~ P  ? p i V a I e n t  tninperdture  'eD 2Kj'r" = . 1 ' K  --- i . e . ,  0 . 4 ' F  
a .  ' 

. f  
i s  cola: t t j  thd fi% no l se  ;eve1 at t h e  pre-rinp output 
(negLect ic i  scan m j u l a t i o n ) . ,  'his i s  w i t t i i r .  a factor of 
j -1' c a l c u l a t d  best  .<A. 

c .  c" dun - :er.o(>r ( S e e  : \ L T , ~ J  ; ,, . i ,  ! L ,  . j*l) .  . '  
Tficreased nlrt 1 SLcrt-:. ~ t y  i ; ~  sun 36zs9rs withokt mving parts 
is pw43!b!e uy fncarp>ratlnf an occu14mg technique. 
sensar of t h i s .  type has beer: fat?-lcste'q and tested.  

:-isr:ner C - :nopus  Tracker (See laces 5(J, 5 3 ,  5 & ,  ' 1 5 ) .  

:!ti lizlng an a3 1 ciectro8tat i: fmzedissector rube the Pariner C 
Canopm tracker w i l l  yjeld errcr fnfonnation ! D r  vehi6le  roll 
arrgular a t t i t u d e  contrc: . FI  ve 'cone angle p 0 3 ; i i o ~ s  are set, 
during the Gission by e?ect.ronic mans. No novinf parta art 
required other tnan a possitle sun shutter. 
power estimates are ' pounds, 2.5 watts. Accuracy requirement , 

is . 5 "  3 0 -  . 

An implng 

c .  
* 

Preimifirrry weight, 

d .  Pariner  C Square Root Sun Sensor. e 

In u r d e r  to eiiminate t .he nscesslty for gyros gn in i t . i a1  I sun ac- - 
qufsition a sun sensor systua  with  a large H;lnearf* range has bean 
developed.  
of '3hongo of position eEror aig'nal . 

I 

Rate Fnformatim i a  obtained by "lookinp at" the rate 
* 

. e. Mar!ner C Earth Gate. 
I .  

, e  ' Simple photocoriductive detector orisnted in the earth dLrecticn 
used as an adriitiontil b i t  cjf informat.ion t b  verifying r o l l  

A vibrating-mirror Canopus t racmr  t o  backcup the Frimary Canopus 
tracker development Just i n  case unforveen problems developad in 
t h e  a l l  electronic version, 

IC (1" i 9 i t i o n .  

:'. 
Total cost  of parts Md i a  house'lsbor 

' 1  yns 35K. , 



To be used tr, determine approact? p i d a n c e  correct!om ('r the 
dcat i ca t ion  planet. 

5 . ~  ,Special test. equipment. 

No hardware - analyses and drawirigs have 
been p r t i a : ? y  :mplet.ed. t 

l 

a. 

5. Ear th -moon-n tw  simu3atc.r (See pages j6, 4.3, lL) f o r  precise lab I 

performance t e s t a .  

i R  planet sl'mu1at.ors (See pages 32, !3, 51) for long wavelength 
scanner dcvclipment and testing. 

ChiLao test s i t e  (See paee 10) fbr a'm and star tracking. 

c .  

1 

I I 

e 

d l  ' ' 
I 

, I  . #  

I t  
f 

a .  . I 

I 
~ ~~ ~~ 
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- Lcrnar and' P laneter - :  Ilorizon Scanner 
0 '  

1 
I , ,  

< .  I I *  , 1 , i  + ~ c o , p ~ .  * ~ i , t i s ; ~ e n e ; . i ~  Siiet'cit i c q i i o n  c o v e r s  hnt ic ipatec i  reiriiremcnte 
' 

' ~ P I -  P Lunr t r  &d'Planetary Ilori'zon Scanner proto type ,  herc lnafter  

we1 1 u s  crt!ier pi ssions', i.ncludinK Voyager t e r m i n a l  guidance and 
* . !  tcfc'rr,ctl to  8 s  LPllS, 'that would h e  ust?ul for ,Lunar orb i ters  k n  * ' 

I . .  I ,  

Lir'ti ter o Xars and 'Vcnns, . e  
, I ,  

1 

I . 2  Descript i'on,. T1rc,LPIG Prov iJeh:  

a .  t w l a x i s '  local v e r t i c a l  posit ioi! exror s i g n a l s  and apparekt 
. .  a 8 i p i 1 a i  diameter informati,>ri to be used tor range FurpoBes 

a,:alnst  the  fo l lowing b e l v s t i a l  objects '  i n  t h e  order of t h e l r  
r e l a t i v e  , p r i o r i t y :  ( 1 )  Moon, ( 2 )  Mars, (3 )  Venus, and (4) 
Enrrrii. 

4 .  

t i  i n  , t ~ , i s  tiriieral Specification. 

3 .  1 AcL.;rdcy and dynamic refipe. T ! I ~  a c c u i a c y  and d'yntimic range 
rcq~~ i tcments  a r e  shown i n  Ficltre 1 .  

* 

so t i . 5  3.1 7 . 9  s i .  1 3 .  

Moon or 
planet  ' --- -. -1 

9 2.1 1 . 3  . l  '.02 0 
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"', 7 

Figbre  3 
1 a i tpu ' t  E r r o r  C t i a r a c t e r i s t i c  8 * \  

. '  

7 .6  V o l t / d e g r e e  5 1oT. 

\ 

L l  . ZQ Minimum 

! 

'-,5[3m nu11 . s t a b i l i t y  requi rement  0.33 

-- _ -  -.. 

1 I 1  

t 0 ,__f 

3 . b  Appareiit d iameter  o u t p u t .  . The a p p a r c n t  diarncter o u t p u t  may be 
analog  o r  d I i : i t d l ,  l i n e a r  o t  nonlFnesr,  and is l e f t  ~p t o  the 
Contractor .  Trw a p p a r e n t  diameter o u t p u t  must be s i n e l e  v a l u e d  
wire): t h e  p l a n e t  ie w t t h i n  1.2' + 3a n u l l  requirement  o f  ,its 
e x t e r n a l  a l i g m i e n t  reference nuii p c r ~  i L i G i i i  

3 .7  &ilab le  power. The f o l i w i n g  power w i l l  1 ) ~  a v a i l a b l e  t o  
the  LPM: 

. .  2600 c y c l e  aquare wave 104 v o l t  peak-to-peak (t 5% t o l e r a n c e  on 
the KMS V l l I l C )  

' .4bI s i n g l e  phase  2t: v RMS 
I 

3 .3  P r d t n t y y e  definition. Tlie LPilS p r o t o t y p e  developed under this 
Coticract need n o t  be  tile f l i g h c  c o n f l g u r a t i o n .  

a. Ari a p t i c a l  b readboard ,  n e a t l y  packaged,  the volwhe of which  
1 ,  

l 

t should  be approximatc ly  t h e  same as t h e  expec ted ,  f l i g h t  hardware,  
is y f e u a l i z e d  as the mechanical c o n f i g u r a t i o n  of the o p t i c a l  
p o r t i o n  of- t h e  prototype.. 

AI* e l e c t r o n i c  !;readboard, neat14 packaged,  the voiime of which 
, i B  n o t  s p e c i f i e d ,  is visi:i*lizc.d as a s a t i s f a c t o r y  cnnlLgi l ra tFon 

t 

' b .  

~ Q '  ' f u r  t he  e l e c t r o n i c s  p o r t i o n  of  t h i s  prototvpe., 

' c' .  Tlie e l ec tron ic  and apt,ical hresdboardp , 41kn properly interconnected; 
mt.st meet tile o t h e r  acci.racy s r e c i f i c a t i o n s  of this Genera l  
Spec i f  ica t  ion. 1 

I 

. .  . .  

' .  

1 

-3- 
1 ,  

. .  

' I  



. . 4 .  

' .  

. 

4.1 '[he a n t i c  ipsted e p e c i f  icatioiis tor ' the fol low-ou f l i g h t  units 
include the following reqbiremeiits t 

a. Specifikation No. 30258, Eriviromnental Specification, Hariner B ~ 

. 1  

I 

I 

- >  . < .  

Flight Equipment ' 8 ' .  
' . .  

b, 

c .  Specification No. 30237, JPL Component Screening Specification 

d. Coiltinuous unattended operation in f l i g h t  of three (3) years 

Specification No. 2006lA, JPL Preferred Parte Lint . 

mean time t o  failbre. f 
. <  

0 '  

e .  I t  i s  desir e .  althou'gh not mandatory, that the follow-on 
[light h a r d g e  be c.apable of withetanding heat sterilfratiinr , 
o f  145% for tventy-four (24) hourr non-operating. 

, 
1 -  

I 

* .  

* 

. .  r( 

. . .  

. 

1 

: 

, 
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Fig. 2.  Sun sensors and Sun finders 
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(D = RESISTANCE OF CADMIUM SELEtdiDE OEtECTOR 
t .  

I I 
0 0 5  , I  

INCHES 

'.I -- 

Fig. 3.' Suq shtisor , 

shadowing .tee hnique 
1 S : SENSOR DETECTOR 

F : F I N E R  DETECTOR 

Fig. 4. Sun sensor electrical circuits ~ 
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, t  

0.  . z f l  I * 
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, 30-dcg FIELD 
OF VIEW 

MASK t 

ATHODE EXPOSURE 
F PHOTOMULTIPLIER b. END VIEW. 

0 .  ISOMETRIC VIEW 

- e .= LEFT ERROR - ,I,", SIGNAL 

A + B - C  = ije:-oOw+: 
ERROR SIGNAL 

. ,  
a-ce+c a GAIN CONTROL 

/ 
VOLTAGE 

c .  ELECTRICAL CIRCUIT 5 

Fig. 5. Earth sensor 

- I  

, . 

I *  

Fig. 6. Photograph of 'Earth sensor 
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0 .  

, ' These det&ors are connected in a bridge circuit 
(Pig 16). 'Ihe output ugnd is a voltage developed ocross 
the SOK resistive load. In the spacecraft this load will 
be the input impedance of a summing pmplifkr. The 
sensor positive and negative supplies will be zener reg- 
ulated to 16 volts from the spacecraft 26vdt  supplies. 

An analysis of the. brcuit lea& to the following qua- 
iiin for the p ~ ~ p r y  sun sensor voltage output , 

* 

E (R,  - R,)  
R, + . R , + R , R ,  . E. = 

R L  I - 
I 

where R, and Rz are the resistance values of primary 

Due to the shad*g method on the semiconductor 
the msistances of th cell as a function of angle from 

,'det*rs (Fig 16) A and F. k .  
I . I .  

. null we.very closely approldtlrPted by 
' Ri,* = Aeuo **+% ' - ( ' I  I ' 

I ;'' 'where At9 is the angular deviation 'of sensor horn .null in 
degrk. 

 he sign on the exponential is cippkite for two opposed 
detectoh. Although*the constants A a d  b vary with the 
particular cell chosen, paired detectors with these mn- 
stants approximately equal have been obtained through 
8 matching process. The nominal values are A = 6K ohms 
qnd b = 0.962 deg'. Using these forms for R I  and Rz, the 
hltage output as a function of angk from null beannks 

, 

. I  

I 

1 

To better understand the effect of each environmental 
condition on sun sensor performance, accurate before 
and after data was taken. Approximately a 0.03-degree 
null shift was observed u p p  subjecting a primary pair to 
the tyw approval vibration environment. This infonna- 
tion implies that the effects of vibration were quite small 
since the day to day null stability has typically h obwt  
0.0.2 degree. Null shift induced by. temperature strbiliza- 
tion of a primary pair was 0.06 degree. 
Tests have been performed whiahindidtc that null 

shifts due to changes in intensity are not serious. A 33% 
decrease in intensity caused only a 0.02degree null shift. 
Since, this function is apparently continuous. there is , 
strong support for the assumption that performance of 
the sun sensor will be virtually unchanged by removing 
it fiom the earths atmosphere. 

A best estimate of sun sensor null stability for f lA-1 
and RA-2 missions is shown in Table 2. These calcula- 
tions indicate that the sun sensor has a g d  probability 
of meeting the orignal. design goal of 0.B degree lo. 

The R A 3  sun sensor has been designed to improve null 
stability by a factor of two. Projecting RA-1 figures into 
the RA-3 configurhtion yields an estimate of 0.104 degree 
lo (1.82 milliradians) for this .version. 

T&e secandaxy sun sensors are' mounted'on the Sdlar 
panels and may undergo a significant thermal shock 
betw'ken injection and sun acquisition due to removal of 
the hot shroud. Unpotted detectors jn tlieir housings were 
subjected to a thermal shock of .18°F/min from 250 to 
21000F with no damage or change in characteristics. 
However, in h t t e d  units which underwent the same test 
the glass detector enclosure cracked. After experimenta- 
tion it was decided that Stycast n 4 1 ,  a variable hardness 
potting compound, would be acceptable. Detectors potted 

Table 2. Estimate of sun smsor k~ll stability 

. . 

. 

. 

* I  



-* 
. . with this compound survived the required theimal test. 

A complete evaluation of the sun sensdr system under 
the type apprwal environment is currently under way. 
There are many difficulties inherent in the problem of 

* simulating an extremely bright, collimated light sourw. 
Therefore, most of the sun sensor testing has been done 
with the sun as the source. A temporary test site has hcen 

. constructed at Chilao, California (Fig 17). The facility , 
uses a two mirror coelostat system to,provide a collimated 
sun bundle at a.constant position. This byndle i s  directed 
through a tube into a trail& to a Leitz optical dividing 

a bore sighting telescope and motors t J  drive the coelo- 
stat mirrors. The overall accuracy of the pointing system 
it better than 10 seconds of arc. The sensors are tested ' 

3 

. 

I 

I head which rests on a stable tripod. The system inclrides 
. 
. 

, ,. ! ,  

. . .  , 

by mounting them on the dividing head and ksitioning 
to known angles while monitoring theoutputs. 

A technique for increasing the null stability of a dc 
sun sensor system is use of partial sun occulting. This 

0 can be simply implemented in a two axis sensor hy the 
following means. The shape of the four quadrant de- 
tector is shown in Figure 18 for purposes of illustration 
=r3;.. T?x a&m! shape wi!! wry depending on the desired 
input-output chaiacteristic. The amount of sun image 
spill-over in conjunction with detector stability deter- 
mines basic electrical null stAbility of the device. A 
mathematical example of how the occulting technique 
improves null stability is as, follcrws: 

x + y = s - c .  ('1 
y = $ - C - x  (2) 

assuming linear detector i npu ta tpu t  characteristics. The 
, control system will work to balance output of A and B 
detectors. 

. 

- .* 
Figurr 17. Chiloo krt r i b  

I 

Figurn 18. Feur quodront dotodor 
I 

€0 (A )  = Ea ( B )  
from se!rvo loop action. , 

where ICs are relative detector gains. 
€,(A)  = KEY = K,(S - C - x)* 

Note that if I = S - C/2 the null shift = 0. 

Null shift = [A] - c) 
Kb -t K a  

This exercise shows that null shifts can be, held to a 
minimum by decreasing the amount of spillover and 
matching detector characteristics with temperature, etc. 
For 'purposes of illustration (Fig 19), if the spillover 
S - C/2 is 3 minutes of arc and detector B has a gain 
decrease from 1 to 0.5 the null position will shift 1 minute 
of am. This is within the 1-minute design goal even with 
the large detector gain changes noted. A sun sensor 
employing this principle h d  been fabricated (Fig 20) 
and is being tested now. 

b. E d  mum. Earth sensor optical mechanizatidn is 
much the same as the sun Sensor in that a variable aper- 
ture (shadowing) technique is used. The detectors in this, 
'case are three %-inch diameter enden  photomukiplier 

. Figurr, 19. Two qwdmnt -der 



*Q =xis m r  sipals. 
This sensor has field of view requirements of 230 

degrees in hinge (antenna direction) and +#) degrees in 
roll. Linear range extends only 22.5 degrees on either 
axis frqinul l  .at which points the output error signals 
saturate and remain saturated to the field of view limits. 
A typical plot around a null is shown in Figure 21. If the 
earth moves away from null on a line not along either 
axis, the performance becomes truly two dimensional. 
Note from Figure 22 that as the earth moves in the p i -  
tive e roll &recti011 the hinge error signal weakens because 
less of the cathodes of A and B photomultipliers i s  
exposed. For motiop in 8 hinge &rection, ho&ver, the 
gain on the roll axis remains essentially constant. In 
reality neither of these conditions will be precisely true 
due to variations in sensitivity over the photomultiplier 
cathode surfaces. The actual experimental situation is 
illustrated. in Figure 23. The coordinate axes are roll 
and hinge dc e m r  signals. The vertical lines are lines 
of constant hinge angle 8, and the horizontal ones are 
constant roll angle ea. The nonsymmetry of the actual 
wo axis output plot cannot be entirely justified by varia- 
tions in cathode sensitivity and temains unexplained at 
this time. 

Electrically the earth se!nsor uses photomultiplier tuba 
excited with a l!jO-volt ripple on 1200 volts dc. The light 
inputs to the photomultiplier tubes are them used to 
amplitude modulate this 400cycle ac signal at the photo- 
cathdde. This modulated s iea1  is amplified in 'the tubes 
by the dynode multiplier section and crlso by 4OO-cyck 

puts of the preamplifien are then mixed in a transformer 
bank to obtain the roll and h'inge error output signals. 

, 

W ~ S S  p r e ~ n p l i 6 e r ~  which follow epch tube. The a t -  

OR 

Figure 21. Earth ronsor mll oris chomctorirtics 

m-brg #)u 
FIELD OF 
VIEW 

I I \ 
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FIELO OF VIEW 

LCATcK)OE EXPOSURE 
OF PHOTOMULTIPUERS 

h u m  22. E d h  sensor rhodow box 
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Figure 24. Physically the earth sensor is as s h o w n  in 
Figure 25. 

The en\ironmental evaluation of the earth sensor is 
not completed at this time. However. a flight unit has 
successfiillv jmsscd the R.4-1 flight a k p t a n c r  vibration 
and vacwum environments. The earth sqnsor is, gold 

' plated and thermally insulated from the antenna yoke 
to maintain control over the operating teniprature. This 
control, will be accomplished primarily by controlling 
the outer surface emissivity thtpiugh hlark stripping. 

assembly of the complete earth sensor. The phtomulti- 
plier tube characteristics as a function of voltage exata- 

. tion a d  light intensity are measured: Gain adjustments 
are made through resistbr c.hattges i i  the dynode string. 
Then sets of t h e  matched tubes are selected. The pre- 
amplifiers and power amplifier are bench checked after 
fabrication. The' completely askbled unit is function- * 

ally tested to confirrh the data shown in Figure 23. This I 

'functional testing is done by mounting the earth sensor 
on a T-2 theQdolite for angle positioni,ng. It is then 
placed in front' of a simulated earth, A photagraph of 
this setup is shown in Figure 28: The output of the 
earth sensor is demodulated as in' the spacecraft and the 
hinge and roll error sigqals are 'monitored with dc volt- 
meters, Variation in earth sensor performance with inten- 
sity chat& can also be obtained by varymg the intensity 

'of the simulated earth. Some rksblts of  such tests are 

. 

Testing on the earth sensQr components is done before . , 

. , 

t 

' 

a I ,  I 

shown in Figure 21. ,For temperature tests (Fig !27) a 
dewice has been made which remote controls the?heodo- 
lite from outside a temperature chamber. Thus with the 
simulator and theodolite controls outside the oven, but 
the earth sensor mounted on the theodolite inside. it is 
possible to run aII'of the previous tests at dontrolled. 
'temperatures. 

Test numbers (Table 3) are possibly 'psimistic since 
all tests at this time have been'done od prot6type units. 

, 

' 

- 1 0 . .  . I  1 + I  I 1 The analysis also makes the assumption that all disturb- ' 
1 .  

t -  
-I, ':e -6 -4 ' -2 r! c (I '10 ancm will be present during Bight which is probably 

-en , 

I Flgum 23j E& &or, sensitivity.,Qatacterlriiu 

* Also obtained from this mixing section is an a9uisitim 
signal equal to the total output of the photomultipliers, 
A + B + C. This is used to autwatically adjust +e SYS- 

tern gain for various eaqh intensiti&.*This acquisition 
signal is subtracted 'from a 4oo-c).cle reference signal and 
the differend is used to drive a .power amplifier which 
supplies the excitation to the photomultiplier tubes. Thus 
a,loop is established around the tubes which controls the 
sum of their outputs to be a constant independent of 
earth intensity. The complete schanatic is shown m 

,, 

. 

not true. 
c. Jet wdcer. Ten miniature jet valves q e  'employed on 

the Ranger spacecraft to c u n b l  attitude. Four valves 
each are used to control the yaw and roll ax- providing 
pure q p l e s .  and the remaining'hrvo valves control the 

I pitch ads. On Ranger RA-3 tbe center of mass is expected 
to shift significantly along the roll axis. Therefore, utili- 
zation of a pure ample fg roll control permits the roll 
valve positions to be frozen for.all spacecraft. 

The axis of each valve is oriented to prevent gas from 
implngrng onto. structure during valve'ectuations. Inves- 
tigatims have s h o r n  conclusively that the bias cou- 
pling &eat of impinging gas are sigsuficont. This 

t 
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Figuro 24. Earth sensor rchomatic 

. . I  

influence established the requirement that the yaw mntroi 
valves be moved f r h  their earlier position on the pitch 
axisit0.a position giving a dear field of view (i.e.. the 

,++ *solar panel actuator arm was .obstructing one of the 
," ' ; Galves on the pitch axis). This'& axis condition gave rise 

to the1 requirement for two additional valves in con- 

pitch control valves have been 'oriented with their axes 
25 degrees away from the roll axis to prevent gas from 

'impinging on the forward Structure of the spacecraft. 
Development of the jet valve manufactured by Whit- 

taker Controls has been slow. The design objective of 
1 cc/hr rnax@um e x t b a l  leakage as measured by a 

'm&s r p e c t r o ~ t e t  h q  been difficult to achieve with the 
valve having all metal seals. Aihnost perfect spherical 
mformity and mcurrence between the b l l  poppet 

and seat are essential to minimia'leakage. Greater qual- 
ity control and new techniqup of manufacturing have 
enab1,ed the manufacturer recently to ship valves which 
meet the leakage requirements before and after !50,000 ' 

cycles of actuation. 
Figure 28 illustrates ten valves set up in a test block 

pieted the Ranger type approval environmental require- 
ments without evidence of mechapical weakness. 
- d .  Ptemwe regulatv. The attitude control pressure 

regulator reduces the source pressure, carried by a pres- 
sure vessel, of nominally 300 psi down to 15 p i g  for 
use by the jet valves. 

Two radically different replators are undergoing qual- 
&&on for the Ranger spacecraft.The S t e m  Engineaing 
regulator. shown in Figure !Eb, has passed all envimn- 

I 

. 
. I  I - 

+'  + 'trolling yaw, thus providing pure, couple control. The undergoing cycling tests. The valves shown have cam- * ' 

~ 

: , 

, 

8 ,  
e ,  



1 

1. ' 

. 
PHOTOMULTIPLIER * 
T U B E S 7  , , POWER AMPLIFIER /- 

. 

I '  

. .  I .  

* ' .  
, .  

Figure 25. Earth sensor ' 

Figure. 26. Eorth ,simulator 
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Figun 27. fernpe@ure&st setup 
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~AwliF,lclaL SUN SOURCE 

Figuro 41. Celestial simulator laboratory 

The  spacecraft simulator previously described in 
SPS 374 will be mounted on an isolated concrete slab on 
the floor in the center of the dome. It has been undergoing 
testing and minor modifications in preparation for testing 
'the Ranger RA-1 attitude control system., 

Balance sysfcm. The automatic servo balan5  system 
has hem breadboarded and tested (Fig 42). After coarse 
manual balancing, it is  possible to fine balance the plat- 
form to less than 5 cm-gm in all three axes ip the hori- 
zontal and vertical positions in less than 5 minutes. This 
operation requires two men working 2 to 3 hours if done 
manually. An improved version of the servo balance sys- 
tern has b k n  built using gyros of higher accuracy and 
inereas& sensitivity. The electronic packaging has been 
improved and it should now be possible to obtain a finer 
baliinte than was accomplished with the breadboard 
system. Figure 43 displays the electronics package for 
the gyros and the servo amplifiers. Figure 44 shows the 
motor driven lead screw that positions the balance weight. 
One motor-lead screw-weight assembly' is required for 
each axis. 
The power supply which consists of the two battery 

packsi static inverter, and transformer-rectifier-filter pack- 
age; the six-cha7nt.l command 'receiver and the telemeter- 
ing transmitter; and the servo balance system is con- 
sidered as a permanent part of the simulator which is to 
he caed 'as a laboratory test facility. Tht first control 

* 

t 8 '  , 

. I  

~~ 

system under test will be, the Ranger attitude control 
system. Figure 45 shows the cold gas actuator system 
that has &en dksigned to represent Bight type Ranger 
hardware. The micro-jet ackators are designed to oper- 
ate in atmosphere at a regulated pressure of 50 psi pro- 
viding a thrust of 3 to 3.5 grams depending upon the axis. 
These low thrust forces produce angular acceleration of 
the simulator of 2 X lo-' rad/sec.' The tanks have their 
volumes matched. to 0.07% and are symmetrically placed 
about the center of rotation of the platform to eliminate 
mass unbalance as the tanks depressurize. 

Sensors. The sensors to be used on the simulator will be 
essentially the same as used on the Ranger spacecraft. 
Four primary sun sensors will he mounted on the top of 
the simulator for the pitch and yaw axis. There will be 
no antenna drive aboard the simulator; therefore, the 
earth sekor will be body f ixed to the simulator and will 
provide signals for control of the roll axis. Flight type 
lowdamped Minneapolis-Honeywell gyros will be used 
as sensors during the early phases of sun and' earth 
aquisi  lion. 

Air bearing. As tests were performed on the spacecraft 
simulator it became evident that some fneans of holding 
the simulator f ixed  and then releasing it without impart- 
ing any disturbing torques wmld be required. The rpher- 
ical air bearing of the rimuhtor pedestal permits the 
nylon ring to be raised to contact the sphere and +e 

' 1  I 17 ;' 
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I . Figure 42. Automatic balance system 

' Figure 44. 'balance meclanitam 
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Figure 43. Boloncc clbcttonicr 

Figure 45. C61d 90s actuotor sydtcm 
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* .  ,being installed on the pedestal to permit accurate level- 
' . ing of the pad. A multipkaofifice pad has been designed 
: which willt provide a bearing with increased latvrd 

stieess. ' . 
Hel&ut. Extending vertically do,wnward from over- 

h i d  kill be a 24-inch diameter sun beam bundle. This 
'will be prqvided either by a heliostat*reflecting the real 
h q .  or by an artificial sun source. The. heliostat is ann- 

., posed of t\Jo 3B-inch diameter mirrors (Fig 46). One of 
tile mirrors is' f ixed with'res- to the building. It is 
mountcd so that its face makes an.aqgle of 45 degrees 
with the lucal vertical. The other mirror is movable with 
two degees of freedom: , 

An qalysis of the heliostat was made to determine the 
rnntions reipired of the movable mirror. l?~ movable 
mirror is mounted so that it' can rotate about either of 
hvo axes. One axis of rotation is parallel to the earth's 

- axis and u!ill be called thc'hour axis. The ot+ axis of 
rotation IS perpendicular to and moves with the hour axis.. 

. This sccond axis is called the declination axis. 

. Let the center of a coordihate s ~ t e m  be chosen at the 
center of the movable mirnn. Le$ a right-handed mutuaiiy 
orthogonal system of axes be desipated by 5 ?and k. 

E system is ftted, with res'pect to the, earth. 1% 

unit vjxtor r p o i n b  in an easterly duection, the tinit 

- 
* 

* 

. '' 
: 

. 
' 

.' The 

$ .  
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vector ipoints in a northerly direction, and the unit vec- 
tor k lies along the local vertical. Let 0 denote the lahtude 
angle of the position of the heliostat dn the earth. Desig- 
nate another ,right-handed mutually orthogonal system 
of axes by r,, rr. and 7,. The unit vector 7, lies in the j k 
plane at the angle 
system rotates about F2 such that the sun always lies in 
the 7, r', plane. It is assumed here that the radius of the 
earth can be neglected. This rotation nulli6es the earth's 
rotation. In the noontime position the tinit vectors Z, 
rz, t3, and the sun lie in the salhe plank. The rotation from 
the noontime position is denoted by 8. Let the ray from . 
the sun which strikes the center ,of the movable mirror 
be represented by the unit vector $.,The v&orT bill lie 
in the iz FX*plane at all times. Let e be the angle between 
%.andS.Hence , 

S = sin 07, + COS UT' 

- -  
with the Taxis (Fig 47). The F,, T,, 

- -  

I , 

* r ,.* .* - 
The reflected ray from the center of the movbble mirror 
must lie in the -7 diredim in order 'to intercept the 
center of the fixed mirror. The reference axes have bear 

movable mirror. a 

The perpendicular to the face of the movable mirror 
must,alw,ays bisect the angle between -'j+ 5. Letting 

' 

C ~ O S ~ T I  such t h t  7'' c+i;C"l& g+th !KXZ d d t ! ~  
* -  
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the vector P' lie in the direction of the perpendicular to 

p =  -?+ 3= 
. the&oi 

' By expressing Fin the 1, j ,  k system, 
- - - ,  

is found to be 
P =  -mcosusiri8;+ 1-1 + s i n m a + ' -  cos8sin+cosu]T 

, + [ s i n a s i n d + c ~ 8 e o s + c o s u ] ~  

Let the direction of the ddination axis be?given b y - m .  
Sink is perpendicular to both E and it follows that 

D A = r , X P  

-BY expressing P in the r,, rZD r3 system the a t m e  cross 
product gives 

DR = [cosesin+ + u]T; + [-sinBsin+J;,, 

- L e  - 
- - -  

F 

The rotation. 9, of the miiror about the hour axis is 

-sin 8 sin + 
9 = 6 + tan-' 

cosBsin+ + m a  3 .. T 
1 .  

Differentiating 9 kith respect to time to obtain the'angu- 
Iar belocity of the'mirror about the hour axis 

Plots of and &/d: as  functibu of e are shown in Fig- 
ures 48 and 49. For convenience a'time scale is also given 
where the noontime position is taken to be the tnstut  

1 at 'which 8 = 0. ' 

TIME. hr 

6,  de0 

figure 48. Rototion about hour oris 

TIME. hr 

e 
a 
a 
X 

3 ' P  

w c .d  ' 
8 6. drg 

Figur. 49. Rote about hour axis 

Assuming the system is to be in operation from 8:oO am 
to 4:oO pin, during any 1-year period the maximum mirror 
s p e d  necessary a b t  the hbq axis is 10.23' deg/hr and 
the minimum speed is 9.34 &g/hi. Hedce, the mean 

' speed is 9.78 deg/hr and the maximum .. variation from 

The motion of the mirror, about the declination axis 
in the Pduw, 

' this s p e e d  is 4.5%. , , ' -  k ' ,  , 

must also be determined. A unit vector 
tion expressed in the r,D rz, r3 system is - - -  
;= P(I - sinucos4 + ccn8sin9cmu)-c[,in0sin9;; 

+ (sin a -cos +) T; + (cos 8 sin + COI u) i,] 

Let the angle between E and be denoted by 8. This is 
indicated in Fipure 5io when t k  v s t m  is s h  m the 

I .  
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Figuro SO. Dofinitiw of 8 
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noontime 'position. The coefficient of < in the b vector 
is the direction cosine. Hence 

sin'a - cos+ 
)'1(1 - sinacos+ + ccnesin+cosa)c 

. 
8 = c o s '  

I 

 he angular veiocity'oi the mirror about t'he deciination 

db 

. &is is found by differentiating 8 with resped to time. 

(sin a - cos 6) (sin 8 sin +cos u) 

1 2 %)" 

' t  -= - -  
, dt . ~ v i  (1 -sinacos++cos8sin9cosa) 

X 
[ I  -sinecos~+cosBsin+cosa-O.S(sinu-cos+) J dr 

' Plots of 8 and da/dt as functions of e and time are shown 
in Figures 51 and 52. 

I t  has been decided to use a servo s y s k n  to drive the 
movable mirror (Fig 53). A sensor (error detktor) placed 
below the fixed mirror gives a signal which is propdrtional 
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to tlie d n g b  hatwen the reflected light h a m  and a ver- 
tical line. The scnsor resolves this error into two compo- 
nents. One component is along an east-wrrt axis and the 
other along a north-south axis. For each controlled axis 
of the mirror the error signal is integrated. The signal 
from the integrator is rrscd to  drive a voltage controlled 
oscillator (VCO). The frequency of the VCO determines 
the speed of a synchronous motor that moves the mirror 
about one axis. I 

' A voltage controlled oscillator has been dbeloped for 
use in the helicstat control loop. The circuit is a bal- 
a n d  multivibratm with the operating freqriency eon- 
trolled by an RC network. Preliminary tests at Mom 
tempkrature indicate that the long term frequehcy sta- 
bility at room temperature is better than 11, without 
selection of the control resistors and capacitors. Fie- 
q u m q  stability should be greatly improved by utilizing 
balanced components, 'The frequency range of the oscil- 
lator is k800 cps around the nominal frequency of 1 2 0  
cps. The transfer scnsitivity of the oscillator is 100 cps/ 
v (dc). Frequency dividers and a passive filter will couple 
the osciiiator to the ampiiiier-ciive motor. 

The sun sensor used as the error detector in the contrd 
loop is a very simple device with no moving parts. It 
has a four element fully color corrected-achromatic lens 
which reduces the sun image and projects it on a solar 
silicon cell which is divided into four quadrants. 

Two types of coupling between the hour axis and decli- 
nation axis exist in the heliostat. The first type is caused 
by the relative positions of the two mirrors. This is .the 
condition that as the mirror moves about the hour axis, 

. 

* 

' 

a motion about the declination axis is nkcessary to keep 
the reflected ray from the movable mirror directed toward 
the fined mirror. 
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Figuro 51. Roto about dedinotio,n-axis * , 1 
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. 9 . Fig& 53,: Siqfe 0x1s con!rol loop , 

1 .  

Fot small changes in the decl6;ltion a@ about the nam- 

The A n d  type df coupling ar ise  con&] sys- pitioll tb e w s i m  for c 1 

tern of the minor dnv& (Fig 54). In the noontime posJtiioh , 
' 

baD - * 
au 
PI: 1 .  

a. 

4 

. ,. * a motioh e€ the mirror about the deckination axis produces ' p ='tan-' - : '  ! '  
c ' M error mly'in,the nprth-sovthseqor'axis and a m F o n  

G , about the hour axis produces an emr'only in the eastdwest 
sensor axis., However, this is &e only at noontime; Le,, 

L t  

' 

where 

~ :when'B ='O. At 'any other instant a motiop about'eithef , , , ao 1 4 

b -=  -sit12ys1n20anBcolq , 1 

2 cos 2; sin u co; 0 cos (e - 7) 

, . the hour aris or the declination axis gives rise to an error , 

~ type of coupling cquld be eliminated. and 
'' 

a* 
, I  

, signal  in both the east-west a d  north-south sensor axes. 

I if i'ne senmr.axes were rotated about a venicai iine this * + 2 s i n ~ c o s a c o s * ~ s i n + 2 e  , 

+ Zch2urinasin(8 - ; y )  

, h analysis'var'made to determine the rotation p of - = -  aF 

a. - 2sin2ucosuccn+cos(8 - y ) c o r y  the semspr axes that wbuld bk necessaly t6 -eliminate the 
coupling in the chntrol system. For an pbitrary position 
of the movable &;or let the rkfiected ray to the 6x4' * I  

mirror be &noted by 

, ' 
+ 2 sin 2a sin u iin 
- 2cos2u codusin+ cosy 

Both aD/i?u and aF/& are evaluated in the hominal wsi- 

3 3  

' a ,  = 0t-i- E T +  F,' tion. A plot of p,versus 8 ot time is shown iri Figure 56. 
when 7 and 8 have the correct values both D and F van- 1 For t)ils plot the values usid for a aqd + were a = -23 
ish: For some small change ~i in the1 declinkion angle d e g k s  and + = 34 degrees. The effect of this type of 
from this nominal*position the coefcieqts of the rand coupling is being investigated on the analog computer. 
terms 'of become AD end AF, respectively (Fig 55). The system is represented by a'linear ;nodel. Preliminarv 

. 

results indicate the performance of the control system is 
satisfactory dtithout compensating for this coupling. , .  

I 1 HOUR AXIS CONTROL LOOP 

I ~ U I N A T l O N  AXIS CONTROL LOW ' I 

figurn 54. TWO iris control wW coupling 

J 
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Figure 55. Definition of p 
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TIME, hr cone of radiation falling upon and passing through the 

aperture IS an elliptical cone, due to the &-axis ellipsoid. 
The f-ratio in the plane i s  greater !ban the t-ratio per- 
pendicular to that plane. In other words, the major axis 
of the'elliptical cross section df the c m e  is perpendirvlar 
to the plane. It can be shown, that this ellipticity can be 
removed by the correct tilt of the ads of the paraboloid 

only at an angle that the collimated beam d l 1  not clear 
the aperture. Therefore, the paraboloid will be designed 
to work just of-axis ( a h t  1 deg) to allow a cievpnce of 
the beam of about 1.7 inches when passing the apcrtun. 

I with respect to the m e ,  but that for the design given, 

1 .  

8 .  d*e 

, Figuro 56. knror rolotion to uncauplod control oxis 

Artif;crcrl sun source. 'he artificial s u n  sour- willLeon- 
' sist of B reflective optical system collimating the crater 

of a higb-iiatemiv rarbr? s c  !i& The lamp will be 
operated by a =ampere Il!j-volt direct cwrent source. 

The surface brightness of 'the sun is approximately 
104.OOO lumens/cm*/sterad. To stimulate both the angu- 
'lar diaheter and flux of the sun at some specified dis- 
tance, the source of radiation in the simulator must have a ' behveen the positive 

Figuro 58. A~.collimoHon systom 

In the design being considered, (Fig 58) the angle 
alris k , . ' rod and h 

surface brightness et' 
it sho+ld be higher* to mPsate for IOSres 

Bs high 's sun* RefmablY 
the 

26.222 degrees. The resulting diptical mne falling on 
the a p e m e  has 811 f-ratjo of 4.00000 perpendicular to , 

,' Optid At present* the seems to be a the plan& of the system, and 4.06494 in the plane. The 
thigh-intensity C d W t l  arc having a d 0 r  t e m p a h r e  Of 

m ° K  and a Surface brightness Of371,OOO lu""?"s/~'/ 
intersection of this mne with the parahloid, if the axis 
of @e 14.02689-degree mne is placed 15.0939 dew- 1 .  '' 

sterad: Therefore, it win not be pbssible to si9ulate both 
* the angular diameter and flux of the kun. 

In order to attain an artificial sun source which is both 
compact and e5cient. it is desirable to use reflective 
optics. A proposed design is an off-axis ellipsoidal con- 

an off-axis paraboloidal m~~imating mirror (Fig 57). ~ h s  

from the axis of the will a b a r n  
which is the elliptical projection of the 24-hch diameter 
mirror. ne dimensions of this elliptical ha,,, will be 
B4.000 by 23.999 inches, an error for the 
polar sun sensors relative to the equatotial sun'sensors 

abut the axis of the ham where this goes . a  

to zeto. 
The angle at which the center of the'ellipsoid is off-axis 

(26.222 deg) was chosen arbitrarily to work a s  closely on- 
afxis as possible. The physical size of the arc housing may 
dictate what this dimension must be. The elements for 
a system with this angle equal td 31.222 degrees have 
been computed, and the resulting beam is slightly more 
elliptical, producing an error signal of perhaps 0.003. 
Again, this can be made to vanish by a proper rotation. 

If the center of the %-inch paraboloid is approximately 
8.011 degrees off-axis (depending on the design) the dis- 
tance from the center of 'the ape-.to the center of 
the mi-. w m i n g  an axial focal Imgth of Winches, is 

* ,  

densing mirror* an aperture at the secondary focus*'and of 0.001, A position can k found by rotating the SenSOm 

. .  
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Telerncty aptern. The telemetry system consists of I 
~ seven voltage controlled oscillators and an A l l  transmit- 

ter as the sending unit on the spacecraft simulator and a 
superregenerative receiver with seven phase-locked dis- 
criminators as the information processor on the ground. 
% telemetry system has the capability of sending seven 
analog signals from the simulator and receiving them on 
the ground with an accuracy of approximately 1%. The 
over-all capability can be extended by using the mm- 
mand system to sample various signal inputs to the 
telemetry system on the spacecraft simutator and thus 

"' I 

increase the total number of wasuremcnts. 
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The hlnctionnl dqsign of the guidance and control sub- 

$&ems for t h e  hanger spacecraft  program can be 
convenjently d iv idd ,  inb two parts. The firstepart is 
concpmed with the guidance and contml mbsystems for 
the Brit two flights yhich are in tendd as development 
tests,of t t y  basic Ispacecraft.  he , s m d  part is con- 
cerned with the guidance and mntiol subsystems for the 

'last three flights which are planned as lunar rough- 
landing attempts. using the spacecraft plus a landing 
cqpsule. The following materjal describes wmk accom- 
plishdd in the above areas during this report period. 

1 .  

, a Sun 8e~1018. Sun sensors for the 'Ranger prbgram 
have been developed to a high degree of accuracy and 
reliability. RA-1 h i t s  have &en* flight acceptance tested 
S i i i  dz!;wrd t~ the ~ttitrtde mntrol system. 

The sun sensors are optical dew- which utilize a 
shadowing techpique to develop error signals on two 

.orthogonal axes. The sensors are divided into primary 
' and secondary upits. The primary units mount on the 

spacecraft frame and aid in determining the roll axis. The 
secondary units mount on the underside of the solar 
panel tips and complete the spherical Geld of view 
requirements during acquisitibn of the sun. 

The problem of mounting the sun sensor detector has 
been solvtd by employment of quad-risgs. $The quad- 
rings bring support to bear on the strongest section of 
the glass detector envelope rather than complete sup- 
port as provided by the potting compound. With' ultiliza- 
tion of,;'? quad-ring mounting, a sun sensor assembly 

. can sriwivk an extreme, temperature range from .- 100 
to -t 1 ; ? 5 T  without failure. 

The priman. sun sensor detector has been changcd to 
cadmium sulphide (from cadmium selenide). Cadmium 
srilphidc has a high temperature coefficient of resistance 
and a low hvstercsis v h e .  The sun sensor error analysis 
presented in SPS 3 7 3  shoued that a significant error 
coiilcl 1w c,iuscd 'by an asyi~imt~trical temperature. This 
error IS directly related to the detector temperature 
'coefficient of resistance. A .re-evaliiation of sun sensor 
performince is prescntly being made. 

, b. Earth sewor. Earth sensor mwhaniation is much 
' tho* sane .is the sun sensor in that a variable aperture 

(sliadowing) technique is \;sed. The detectors arc thrce 
photomul t ipk  tubes ("i in. diameter) arranged so that . 

1 

* 4 w 

Since last reporting, the earth sensor e~ectlobics have 
undergone several modifications to improve loop sta- 
bility. These modifications have been effective and, a t  
'the present time, six earth sensors are operating satisfac- 
kxily. TheJM-1 flight earth sensor has passed its Right 

, acceptanw tests and has bcyn delivered to the attitude 
control system. Flight acceptance tempmature has been 
changed to a nominal of 20 -cS0C.for these units. Tests 
have ;shown the, photomultiplier tubes can only survive 
~72"C'non-opetating and '45OC operating temperature. 
Exceeding these values produces a rapid and irrevers- 
ible change in gain. 1 

' A backup design is being cartied along cbncurrently 
with the hope that it can be included in Ranger R A 3 ,  
-4, and 4. This design (Fig 6) excites the photomultiplier 
tubes with pure dc instead of the dc and ac ripple pres- 
ently used. Tests have shown that dc  excitation improves 
photomultipiier gain siabiiity. Tmcfore. t!ii dc ; ; ;de! 
should have improved null stability and threshold char- 
acteristics. The present dc  model is in initial stages of 
development; however, preliminary tests on the modu- 
lator and preamplifier sections are very encouraging. The 
excitation to the tubes is filtered dc, .giving dc outputs. 
These outputs are !then mixed and modulated to give* the 
hinge ( A  - B 1, roll ( A  + B - CJand control (A + B + C )  
outputs. As in the ac version, the Control'output is used 
to control the tribe excitation. 

I t  is expected that this version &ill give null offsets of 
less than 0.5 degree. -30, in both axes, and hsve a s'ensi- 
tititv of 0.001 foot-candle vr better. 

' 

' 

At present. the electronics have been tested a bread- 
hoard, and perform well front 0 to J O O O C .  Tests below 

* 03C show a gradual decrease in scale factors of the hinge 
and roll outputs. These scale factors are 25% low at 
-40°C. No testing has been done to date with photo- 

1 inultipliet tubes connect+.' , . 

. .  
. .  

c ,  
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3. Electromechanical Devices 
u. Horizon mmaner. To provide information for drien- 

tation of the scientific instruments with respect to the 
destination planet, a horizon scanner is being developed. 
The horizon scanner provides two axis error signals to, 
stabilize the scientific platform with respect to the plan- 
etary local vertical. An additional output of the horizon 
scanner may be planet angular diametkr from which range 
data could be*derived. ' 

The performance requirements of the scannq are that 
both the position error signals and the angular diameter 
information be accurate to 0.1 degree, lo. The range of 
operation is from 8OOO to 160,oOO km distance from the 
center of the planets Venus dr Map.  In addition. the sun 
edge planet limb minimum ahgular separation during 
tracking can be as small as 6 degrees. 

A horizon scanner to meet these requirements is being 
'developed for JPL by the Barnes Engineering Company 
This device uses a single thermistor bolometer detector 
to detect the infrared thermal radiation discontinuity 
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between the plapet edge and the space background. This 
method allows the scanner to be independent of reflected 
solar radiation and, in fact, the planet can beltracked 
while the spacecraft is on the dark side of the planet. 

~ 

. .  

. .  . 

8 "lie scanning mechanism consists of counter rotating 
prisms which sweep the H by %degree field of view of I 

the detector over a 70 degree, four loop rosette pattern.' 
When the scan intercepts the planet a rectangular pulse 
is generated. The b d i n g  d trailing edges of the pulse 
coincide with the planet edges. Angular position informa- 
tioti is derived from the time of the pulse edges with 

, 

, 
' ' 

, 
a .  

respect to a reference pulse generated by the prism ps i -  
tion. This technique of edge or horizon detection enables 

gradimts across the planet disc. To provide acquisition 
and sun discrimination, the rosette pattern can be slowly e .  1 

. ,  . . *  . - . ' , *  , 
I . I  . 'the amiracy of the device to'& independent of thermal 

, 
* :  1'. 

rotated through a small angle whenpecessary. 

1 '  

. .  

. .  , 

. . .  ' 

I ,  
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b. Long range earth muor. The long range earth sensor 
provides two axis pointing information for the purpose of 
directing the high-gain clommunicaiiilns im:z-nr.a t s w d  
the earth. The sensor is attached to the antenna structure 
and the optical axis of the sensor is boresighted with the 
antenna axis. 

The sensor tracks the earth over the approximate range 
of 1.6 X lo" to 6 X 10' km by detecting the reflected solar 
energy of the earth with a single detector. No rotating 
mechanical parts are used in order to insure high relia- 
'bility for eontinuous operation over long periods of time. 
Scanning of the 4 X 10 degree field of view to provide 
the two axis information is rcomplished by a vibrating 
reed. The reed me5 an apertwe in the image plane of 
the* optical'system and modulates the earth's energy inci- 
dent an the detector. Null accuracy is 0 9  degree, lo, in 
the spacecraft roll udr and 0.3 degree, 10, in the antenna 
hinge axis. t 
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versions (A-C and'D-C). This was the addition of an 
electrostatjc shield around the &thode portion of the 
tube shown in Figure 18. This modification extends the 
life of the photomultiplier although the exact r e m  is 
not presently known. However, it sedms likely that very 
minute currents were flowing in the tube housing causing 
migration of cesium from critical areas with resultant 
toss in sedtivity. The shield eliminates a large voltage 
&tent in the orthode llad 6rst dynode uea. * 
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e u r o  47. Mariton rconnor 



, 
I '  Figure 48. 1R planet simulator 
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I H  t h )  scdnnvr coqipartmcnt frcini thr spare. clidmlwr. To 
.sitniilLctc. oif 'nis t.irjicts rip to 20 degrct%. the sciinncr .ind 
cc,lIi;nating lens may tw rotatml 11y means of t i le  rotary 
table to wliicli tllc*y are nwiintetl. .4 sliding scal wliic.)l 
moves1 \vith tlic- lens assembly preu+vcs t lw  integrity of 
each compartment. 

0 

h., Planet source. The planet source shown in Figire 49 ' 
' \oih he, u s d  during spacecraft systcsms tests wherc the 
. planet ,hor izo~ scanner rqriires a target. Thtw tc& \\ill  

be conducted in the celestial simulator huildiny: \\-hich 
contains two traveline cranes.'The planet source \vi11 he 
mounted to one of the cranes which will provide means 
o f  moving it through various maneuvers to simulate flight 

, Fisurr 49. Planot source 

, which also includes Yhe sun jiilte cirmiitw. Tl~e resistance 
of the detectors in each axis is  closely approximated by 

, . ", .conditions. ' ,  ' Equation (1). 

The 'source consist; of a 16-ibch diatneter alrin~inum 
, plate which is electrically heated over the back surface 

,i;bi. ,means of a resistive coating. ,The front surface of the 
1, plate which IS placed toward the scanner, is painted.with 

' ' c  a high,emissiwty paint to allow maslmum radiation. Two 
' , I  annular masks ark provided to redtrce. the effective angu- 

lar diamcte: of the ~ o u r c ~  from 4 to 1 degrw dependmy: 
' on the  particular test'requirement. When used. the mask 

is mounted a short distance in front of the s h i t c e  and 
has a layer of insuiatiob attacli,d to its rear surface to ' 

prevcnt transmission of tieat to the front suifabe where 

' -  t - 

, 1  

.. 
\ I  

* *  
I 

. 

where 

R ,  and R,  = resistance values of the detectors 

AB = angular deviation, in degrees. of sensor from null 

n e  vo~tagc output ecrpreised as a fimctio;l ~l an& from 
null is: 

I 1 ,  

' ,  
it ,would be reradiated toward the scanner. 

E.. = 2E srnh(bh9) 1 .  , 0)  
' A  I .  

- The planet source will be capable of operation at 
50 -& 2.5%. Two source assemhlitis arc being fabricated. 2 msh (6M) + - -.- 

' I  
one of \\ hicti will be for laboratory bench testing of the p. 
plan& scanner. Durinp: bench testing the tkrnperature of 

, the source will  contrdIed'.by a built-in miniature ther- where 
mostat. A closed hop t.cmperature control circuit is also 

' being developd for tisc chiring =stem tests. It is e s k c t e d  
Rt, = load reJistpnce v 51000 ohms 

that bench testing will begin &&irnately blay 15, 1961 A -- indivi'dual detcctor res is tdm at null 6OOO ohms 
14, E = excitation \;Itage 16 volts ~ ' 

~ 

i. Fine qun wnshr. Mariner A utilizes a coarse-'finc sun 

, coa rk  mock..'wbich hus.a 4* stethcban field of view, is 
, I used. Di+irbrtnct-s to !he 'acciirately calibrated null due 

to sunlight riiflectcd frdm many articulating devices neces- 

, 
' 9 sensor mecharlization. During,inith sun acquisition the, , .  

BY differcntiiting Equation (sj ah exp&ion fm the sig- 
nai s lop  throuj$.null Can &taincd:' , 
, , 

I 

~ 

, - 3 .sitate swityh out of the cuarse siin sensor after initial'sun I '  . I  I 

, .  
I . .  . I  

- ' 

J .< 4 

acquisition. At this time the fine sirn sensgr, which has a 

' 14 degrees)sficld; thus, the aeurate null is undisturbed. 

shadow vane principle as t he  Ranger sun sensors and' 

I I .  

' , W<! 

I 

, . I narrow field of ;;iew, is switched on. Articulatin&'$em-, 
bers can 'ea& be kept out of tbe, shall (J4 degrpes by 

2 cosh bA9 * - 
~ 

* *  
u ,  

* ?is= 1'. 

' , 
, , I  

, I  
i 

( 3 )  
T h c ~  Mariner fine sun sensor I operates m thc, sarqe 

,tises the same cadmium sulfide dktectors I j ranvfactud 1 . 
by Cjairex Cow. The circuit* us+ is shown in Figure SO. 
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schematic diagram of the sun sensor. 

1. Sun gate #ensor. The'Aiariner sun gate sensor is - 1  

.r 

e 
25 v 

I' . .  
,--1--, 

-e  
. ' .  

I 

I6 v '  

FINE SUN SENSOR 

-16 v 

Figure SO. Sun gate circuitry . 
i. Sun sewor occulting arruy. The occulting array as 

sho~vn in Figure 51 is desiqned to prevent scale factor 
. rhnnpc~s i'dttscd by sun image growth as the' spacecraft 

wn distance changes. The .configuration used on the 
Jfarincr A sensor will eliminate gain change up to 1 milli- 

. 

' I  r,rcIian displacement from null. I 

. .  

1 ' .  

. .  

,,: 1 

. . , .  

Figure-51 depicts a two-axis detector and occulting con- 
figuration; however. for simplicity, only a single axis em- 
ploying Detectors S and Y will be considered in the 
following explanation. The sun image at eakh distance 

I Figure 51. Two-axis detoctor 
I , < I  

a 
c - e 
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2 ,  
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Figure 52. Sun sensor chorocteristio 
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Figure 53. Sun sensor , 

device using a pair of small cadmium sulfide detectots. 
The first e~perimental plot of sun pate output is shown in 
Figi&5LO ' 

4 ,  
t 

m. Long range earth sensor. The sensitibih of the 
3furinPr A. short range earth sensor limits its usefulness 
to distances helnw approximately 1 .million miles. For 
ranges greater than this. the long range earth sensor is 
switched in. TIIC dc\rlcipmcnt of the long range earth 
srnwr (I.RES) has h e n  descrilkd in SPS 37-6 and -7. 
>Ian< of the subscstem elements have been breadboarded 
hiit the prototype has not heen completed. An error 

I analysis based 1,irgeIy on estimates of subsystem pcr- 
formancc is shcnvn in Tcible+13 and a sketch of the assem- 
bled unit 1s showm in Figure 55. 

; n. Pbnet-moon simulator. The short and long range 
m r t h  scnsorc, are both devices that utilize tlic so1.w energy 
reflcctcd irnm the earth. In addition. the sensors to be 
'devchped for star t r d i n g  and planet appro,ich piidance 
h a y  also use this portion of thc electromagnctic spec- 
t p m .  To ~imulatc  J plahd or moon for'the testing and 
evaluation of optical stnsors. development has becn ini- 
tiatcd oh an off-a\is collimator. nc simulator will  pro\ idc 
R spectral distribution of thc planet ~ o l l i r n ~ ~ t e d  energy 
oyer the rmge of Z-Wl to 8ooo Angstroms such that fhe 
t;nergya in any IO00 A hand will not deviate 6y morc than 

' +30? from the energy distribution of the sun outside of 
the earth's atmosphere. 
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* lated Sun of nonuniform brightness, which would intro- 
duce large kinting erton w h e n ' S u h ' h  (which seek 
the radiant center), were tested. 

There' are two apparent solutions to this problem. One 
is the utilization of a light pipe scrambler upstream from 

.. 

I . , .  I 

. I  

I the aperture as shown in Figure 10. 
& 

, The light pipe would consiSt$ of a cylindrical rod of 
quartz having Bat polished ends. Radiation wwM exit 
from the rod end at the same cone angle that it m t e d ,  
assuming no errors  in the geometry of the rod. However, 
the internal re-flections acting on a given ray will cause 
it to exit at a random circular angle dependent on the 
length and diameter of the rod. It is this characteristic 
that causes the scrambler to integrath the energy received 
and present a more uniform intensity at its output end. . 

The second solution to thiJ problem involves the use 

would receive energy from a given point or fiber at one 

. ,  

I 

. 
of fiber optics. In this case the scrambler would consist 
of an incoherent fiber optics bundle. This scrambler 

end. and transmit this energy to a random point at its, 
output end. The effectiveness of this device would depend 
primarily upon the diameter of the kbers and how well 

compared to the other. ' 

4 

I they could be placed in random orientation at one end 

A contract has been let for the design and fabrication 
of an optical system utilizing the light pipe scrambler 
first described. These optics will be uSep in conjunction 
with a 5OOO-w xenon arc lamp for the construction of 

I 

. the Mod.11 Sun simulator. 

1 

As a backup design the fiber optics bundle is being 
considered, with the mechanical design and construction 
being done' at JPL. The Mod 1 simulator 'using standard ' 
optical components and a 900-w +on lamp is also being 
designed and constructed at JPL. This is a portable unit 
designed to energize Sun sensors while they are being 
enviropmentally tested as well as .to test their output 
charactetistics at ambient conditions. 

, * ,  , 
, Progress has been made toward the design of a true 

Sufi simulator adequate for the t e h g  of accurate Sun 

, % One difficult Sunl simulation problem has been the 
chande in brightness actoss the xenon arc lamp source. 
To reduce this dliferential, only the brightest portion. 
of the arc adjacent to. the cathode is utilized.. Although 
the diametet of this spot is less than 1 mm. the bright- 
ness fmm tbe upper to,the lower edge varies by a factor 

~ of bm. If uncokected this effect' would create a simu- 

' * a  

,' sensors. 

. I  

COLLIMATINt LENS 
7 S P N R I C M  REFLECTOR . *  . , 

Figure 10. Sun simulator uHIidng light-pip. scmmbkr 
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IThe vibrating reed moves through a sufficient arc to 
completely uncover the f i x e d  aperture at the extremes 
, of motion. The output. therefore, is a sen& of pulses. 
A shift in the position of the Earth image in hinge causes 
a variation in the output pulse width. Similarly, a shift 
in roll causes a variation in the phase (or time) of the 
o u t p k  relative to the reed motion. The electionib senses 
these pmprties in the pulse chain and at  the cnrtput 
produces a dc voltage proportional to this error. Also 
present a t  the output are rignab which indicate that an 
object is being tracked by the *nsot*and t b - a m o u n t  

The threshold of tk' tmlt is appmxha tdy  5 x lo-" 
w / m *  (bolometric at a color temperature of 8000OK). 
The maximum intensity is a,function of photomultiplier 

' I  
4. Long Range Earth Sensor 

The long range Earth sensor (LRES) u s e d  on Mariner R 
~ I S C ' S ' ~  single photomultiplier tube together with a lens, 
a f i x 4  aperture. and a modulating mask. The modulating 
rriask is attached to a vibrating reed with a frcqucncv 
of ~p\~r'oxzmately 12 CRS. The electronics associated with . 
the reed (Fig 11) and the reed itself operate closed Imp 
with a position pickoff device such that the reed oscil- 
lates a t  a constant amplitude. Frequency of oscillation. 
is determined by the mechanical resonance of the reed 
only., Figure 12 shows the relative positiov of the optical 
elements. The knife edges on the modulating mask are - of light being sensed. 
in the focal plane of the optical system. The photwnulti:' 
plier tube sew& only as B light detector and has no 
position discrimination by itself. 
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Fig. 13. Long-range Earth sonsor functional block diagrom 
. .  

Fig. 14. R d l  plan. tort 
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Fig. 15. Roll plan. e tort, Part I1 

the reed 45-deg bevel to the black phototuk housing 
and from there diffusely reflected to the photomultiplier. 
In simulated acquisition tests the Earth smsor would 
doliver an “acquisition” signal even though the Earth 
was as much as 20 deg out of the geometric field of view. 
The phase of the error signal at this time was also inverted 
so that Earth lock would have beep prevented. This prob- 

1 

e l 
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Fig. 17'. Hingo' plan. tort, Part II 
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Fig. 19. 45 dog from both hingw and roll plan. tost, 

Part II . lem was associated only with the high-intensity Earth. 
Solution was twofold: , 

9 

(1) Blacken the reed, especially the 45-deg bevel. 
I (2) Introduce wave-shape discrimination into the aqui- 

sition channel. 



I ' 
019. 20. LRES h s t ,  equipment 

'An additionit1 +ctrbnik problem was discqvered.*Electric 
motors operating in the vicinity of the'Earth sellsor ca&d 
erratie perforkiatlce.. This difficulty *as, traced to three 
fastbswitching diodes in the reed +ive loop. The three 
fast diodes (FlOO) ,were chongd to 'general purpbse ' 
(18457) to solve the'dif6culty. 

, .  
*I 1 . +  

I 2  I 

'* - . . 
, 

' 

The Earth-Mdon simulator'(Figs. 21, 22) is a devi& 
' designed and fabricated , by Nortroni,csI to present a 
simulation of thB Each, Moon and Earth, or a 'star. The' ' 
simulator' pqowdes the means with ,which to detpmine 
accuracy of alignment land flux lwei response. Con- 
tinuo& variable. levels of irradiance are available for dis- 
crete distances from the Earth. There are provided five 
different Earth-phase positiok for the lafger size diameter 
Earth. The simulator provides a S in .  diameter collimated 

' light whic)t is good to Ssec-of-am a&uracy yith reference 
' to the point source. we integrated, intensity of the flux 

' density in the bepm (per cmy from '&e simulator does 
, not vary more than 5% over the T i e r  &in. diameter of 

' ' 

I * .  

. *  

Fig. 21. EartbMoon simulator light source and mfloctor 

,the beam and not more than l(.H*over the entire Sin. 
,.&meter. Earth' diameters from 5.411 to 0.6004'52 deg 
can be simulated (in discrete steps). Cdor temperature 
between 0.35 and 0.8 C, approximates a 5U)OPK black 
body. Variations in flux are possibk mer a range of 
159.7 X , l W  w/cm' to 1.12 X 10" w/cm'. The angular 
position of 'the Earth's geometric center is within 1 min 
of arc normal to the simulator. external alignment surface. 
The outer edge of the simulated Earth is circular *thin 
0.11 of the angular diameter plus 5 sec of fvc. 

' 

, 

9 . 
* *  



, 
The light source is an Osram, 900-\v xenon lamp, as 

shoyn in Fig. 21, with the p r a h l i l  rc*flrct& monn td  
dirvctly bctiind it. Thc light i s  projected through several 
lenses and rc-flcctd by three' mirrors Mort* it mmes out 

, of thc simrtl;rtnr in the ciesirrd image. The intensity is 
varicd with neutral tlcnsity filtws inserted in the uppvr 
sliding frame as shown in Fig. 22. Also in the same figure. 
the lower sliding frame is used to hold theedifferent aper- 
ture plates wyiiich simulate . the 'different si& and con- 
figurations of the Earth ,and Moon. Swung out of the 
way from the front opening i s ,a  cover with a photocell 

' mtmntccl on it to measure the flux density which is pres- 
. ent. .The p h o t m l l  is connpcted to the microammeter on 

'the side of the simulator case and the rcading is cnnvertd ' 
into flux density. The E;rFth-Sk&'simulatot can alu, be 
made to simulate stars, such as Canopus, 4 t h  sow minor 

. .  

. 

. 

. '  . 

. 

' . 

* modifications. . 

. .  

' .  

. .  
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Fig. 22. Larth-Mbon simulator 
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3. Integrated Guidance Packoge Design 

a. Configyrdion. Pesign aims included: 
. .  

a!; * I 

# : 1 I *  

I (1) All guidance sensors should tK in one package that 
can be aligned and tested independent of the 
spacecraft . 

b 

. 
(2) The package should go. into the spacecraft in the. 

I 
same location for all Aluriner B missions. 

* 1. 

I 

. I  . ... I 

(3) lldrfication to sensors in ihe.piidiage :G acmm- 
modate mission geometry changes should not in- 
volve gross mechanical redesign 'or cabling changes. 

Fields of view of the three guidance sensors are respn- 
sible for the general configuration of the package and the 
location of the package on the spacecraft. The Sun sensors 
must look through the solar panel and the Canopus tracker' 
must he far from the plane of tlrc solar panel, so that 
solar panel tips are out of its field of view. The solar 
panels force the package to hc. long. \'enus-type one cone 
angles are less than 90 deg. so tlic guidance planet tracker 
must look through the s o h  pancl and be located close to 
it. Even thorigh Mars cone anglrs arc nominally 1,W deg, 
tht. Guidance Planet Tracker (GPT) can still be located 
near the solar panel. It  must be. because its large size 
would cdiise mcrlianrcal interference with the folded 
solar panels if it wcre Iwateil any appreciable distance 
ahclve the fi \c.d solar panel. Sominal'3lars clock angles * . . , ' 
of 90 deg requirc the package to be located on the minus X . 
side of the spacecraft. 

-r 

.. * .  \ * .  

/ 

8 The CPT as prt.sently envisioned has a 4-deg field of 
view which is gimbalvd by means of two single-axis 
mirrors so that its dynamic raiigc.,is a 3 - d e g  included 
angle cone. To accommodate the widely varying nominal 
planet directions asstwi.ttetl with M r i r i r w r  B missions. a 
mounting flange will bc. tiscd to support the CPT.' This 
flange will be tailored to suit the mission. 

* 

'. 
. e  ' , . ' f  
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fig: 31. Intagrated guidonco package 
.. a , $ 1  

* 
e 

Theea&e 2' deg of keedom need& kor mounting the senwr must-be held quite closely. This meam struchiral 
GPT in, an arbitrary position, Cone-and-clFk-angle , bending between the GPT and Sun senwn must be mini- 
degrees of fr+b,m turn out to & quite convenient. The mized, and tcirsional warping between tfre'CPT and the . . ' 
CIock-atlgIe degree or freedom is s e t  by the' flange and " Canopus tracker must be minimized. B e d i n g  is of sec- 

, the ,wne angle is set by the rotation of the CPT on the ondary importance in the alinement b t b m  tfie C , ~ T  

and one axis of the  mirror gimbaling deflects'the.field of , the Sulkprobe-Cahopus plane has 110 effect and the mm- 
vie\Q along a meridian of spacecraft-ceqtered cone-clock ponent out of this plane causes only small mon in the  
angle coordinates. *The only' compromise involved is a roll attitude. This error is, a'pproximated by  &e follow- 
constraint o~ the mechaniqal mnfiguration of the GPT: ing equation: 
the window must be on a face which is perpendicular to 

a = A (sin b,, - sin b,,,) 
the mounting surfdce. This constraint dws not appear whve 
to be a great disadvantage. ['sing part of this flange for 
the Sun sensor mounting surface bas the advantage of 
minimizing thc nrtmbcr of machining tolerances between 
the Stin direction and the GPT. ' 

I 

i 1 

flange face. By using this scheme th? flange is simplified and the Canopus tracker. The 'bending component in 
I 

l 

l 

i . .  

u = error in roll 

A = angular misalignment of Canopus tracker 

b = Canopus cone angle 

. I 

i 1 

I 
' 

optical axis with Sun sensor 

Figure 31 shows, the general configuration of the guid- 
* ance package. ' , I  

The range of the Canopus cone angle during approach 
Widance is roughly 2 deg. Therefote, a = 0.035 A. 
Roll$+ ' 4  dcg absolute accuracy is needed between S h  
direction and the Canopus tracker optical axis. 

, 
' 

Relative alignment betwech optical sensors is most 
critical during the approach-guidance phase of the mis- 
sion. Although an error analysis has not been completed, 
it is felt that relative measurement, better than 1 min 
of arc, will be required. During approach-guidance meas- 
urements. the zero-roll direction defined by Canopus 
tracker and the roll nxis defined by the gu idank  Sun 

* 

* 

Bending misalignments can be caused in several ways: 

(1) Thermal gradients (static and dynamic). , 
' 

I 

d * ,  * 
I 



(2) Creep. 

(3) Residrial stresses estahlishccl on assembly. 

(4) 'Change in &avitat ional environment betwcen time 
of assembly and zero-g flight. e 

(5) Machining, tolerances. 

Torsional misalignments are *used basically in three 

t 

ways,: 

(1) Torsion loading. 

(2 )  Differential bending. ' - 8  

(3) hfachining tolerances. 

I BTfh hcnding and t&cional misalignments can bc mini- 
mizcd I)! kecping the package cnmpqct. ITnfortimately. 
!!:is is !mpossihle. diie to ficlcl-of-view constraints. HOW- 
ever, it is fortunate that the CPT and Sun sensors are 
clod tog<-tlwr. s i n e  their alignment is critical.in bending. 
To maintain the torsional alignment bctween the Canoptis 
trackcr and the GFT. t h e  Canopus tracker is supported 
in bearhgs (minimiiing thrsional loading) and is miiplcd 
to the CPT through i Finkc torque tube (eliminatinR 
the possibility of differcntial bending). The torque t d w  

',bay in fact be supported in bearings at points along its 
."le&th. since hr-ndinfi' does not e&ct the torsional alipn- 

1 

- 
1 -' 

1 

1'  

ment of the ends. The 'i-deg absolpte alignment required 
betweek the Cadoptis-tracker optical axis and the Sun 

' direction must be adjipted at the time of assembly. It is 
'reasonable to assumefthat thermal warping w d l  not be 8 

: , serious enough to destro? tfiis alignment. 

4 '  

' - 4.. Field of View Calculations 
I .  The field of view of optical sensors is determined by 
means of shadoygraphs. Ccneratinn ;,f the shadowgraph 
has h e n  simplified hy setting up u 1630 Fortran program. 
Calcillatinn. of the cone and clock angles, of spacecraft 

9 .  

, 

I 

210. 

180' 

I SO' 

1 

. .  ' I  

I '  

Fiq. 32. Shadowgraph of Mariner B from tho 
Canopus ?rocker 

i 

5. Sun Simulators and Sensors 
a. Sun sirnulotors. The design of the Mad I simulator 

as described in SPS 37-14 has bee0 ccmpleted. The optical 
system, which is comprised of standard optical compo- 
naits. has been set up on an optical btwbh. Prdiminary 
tests indicate that the collimation aCcliracy is well within 
the design goal of & 15 sec of arc. The siipport stnicture, 
which'i has retractable casters .for portabilih, has k e n  ' 
fabricated. This structrire supports a standard lathe bed. 
which- in turn suppnrts the rest of the simulator. It is 

' 
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It is pxpected that all parts ~ ' 1 1 1  he fahricated by July 30. 4- steradian field of view *hich allows a readout signal 
. to be generated regardless of the position of the spadmaft. " . .  allowing the assembly of the unit to p r w d .  

h. Sun .gate. The Sun qutts used on Mariner B is of the 
same dksign used oA Marinn R (FIR. 33) Its outpttt sig- 
nal is used to terminate the acquisition nvde whencver 
t h e  spacecraft roll ,axis is within 1.5 deg of the Siin line 
The excitation voltage to the secondary Sun scnwrs i s  
removed upon acquisition This eliminates any secondary 
sensor outputs \vhich wnild clcgratle the accuracy of the 
primary Sun sensors sincc. both outputs are connected to 
a common point., 

. 

c.Primnry Sun aeruor. The primary Sun fensor oper- 
ates pn the same principle as do the Hancer Sun sensors. 
The major difference i s  that the forir cadmium-sulfide 
detectors are located in one assembly rather than af fobr 
different points on the spacwraft. This is made possible 
by a rediiction in thc field of view which prwents ohstruc- 
tions chused by adj,irent spacecraft mmpnnents. A s  shown 
in Fig. 33. a single-aperturr plate provides a shadow bar 
for each detector. The apcrture is designed to give the 
sciiiiii a 4-!-&g tntz! angle- field of view abnut both the 
pitch and yaw a\es (41 deg in pit'ch and dc-g in yaw for 
the pitch axis and 44 deg in ya\v and 25 deg in pitch for 
the ydw axis). 

. 

- 

Thc principle of this sensor can best be rinderstond hy 
visualiring i t  as a tube having a sdicon solar cell an each 
surface Cells on opposing surfaces are mnnectd to a 
load resistor so that the signal voltage across the resistor 
is plus whpn one cell is illumindted and mintzif the oppo- 
site crll is tllumlnatcd The system then providcs three 
separdtc outputs \thich wil l  be telemeterd from the 
spacecraft. If the faces of the cube are alined perpendicu- 
lar to the spacecraft axes, then the three outputs would 
he VPllrh, V..= and VrOl,.  The formulas for the angles 
between the Sun line a d  spacecraft oxes (assuming a 
Lambert detector response) thea become 

These calculations will he done by a ground-based corn- 

/ 

piiter. The actual computations will be more complex 
since the cell faces of the sensor will not be perpndicvlar 

are not 

, d. 4 x  r t e r a d b  Sun m o r .  The 4n steradian Sun sensor 

of the spacecraft relative to the Sun. The sensor has a 
is for .\lariner B to give a leadout of the attitude to and pit& of the spawcraft, and the cells 

in theit resDOnse. 

fig. 33. Mariner B Sun -re 
I 

The 27 steradian field of view required hy edch of the 
six elements id the &-steradian Siin sensor can only he 
met by placing the elements on the extremities cif the 
spacecraft. E1.m then, objects in the local area of the ele- 
ments may remain in the held of view. On the Mariwr B 
spacecraft. science experiments an  the solar panel tips 
make it impossible to locate three mutually perpendicular 
pars  of cells.on the structure of the spacecraft. 

To solve this prohlcm. carh element is split in two, 
and back-to-back inirrorr are crwted perpendicular to 
the plane of the cells (Figs. 34. q, 36) The two minor- 
cell units a ! ~  now separated so that the troublesome object 
is occulted to the two c d l s  hy thc mirrors. as shown in 
Fig. 35. The outpit currents of the two mils are summed 
and the sr!m is treated the same as the output from a 
simple ccll. The current lost because cell So. 1 is partly 
or complt4dy shaded is  made updor by the increase in 
intensity on cell No. 1 c a b d  by the mirror. Design 
requirements are: 



, . . .  , I 
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Fia. 34. 4~ stoqdion Sun* sonsor occkng mothod 
I .  

1 

. 
t b 

1 .  . .  
Fig. 36. 4 w  stwadian Sun spnsor! rho'udng coordinates 

. *  
(2) btisaligriment of half on c h a t :  maximum sys- 

ttem error = Ue. 

(3) The lack of a mirror (with 100% refle&ance) will, 
introduce a certain amount of error to the system. 
However. by making the mirrors large compared 
to the size of the cells, large areas of the celestial 
sphere will he free from error caused by reflectance 
since the reflectance cancels out the system equa- 
tions. Shown in Fig. 37 is a polar projection of the 
areas for which the error cancels for the geometrical 

* configuration shown in Fig. 38 (erron cancel in 
dark regions). For mirrqrs with 9oa reflectape, 
the maximum error for large values of a u  will be 
1.5 deg. 

, 

I 

, I  Fig. 35'' ;m' rkradian Sup rknror orp.dm.nt occultation Test models of the cell and n~lrror configuration are 
'being fabricated for testing and evaluation. Errors will 
alsobe contributed by reflected solar energy from the 
Earth while the macecraft is near the Earth. When the 

(1) The shape of mirrors and cells must be identical.# 

(2) The cells must be perpendicular to the mirror. 

(3) The mirrors must be parallel. 

(4) Nothing may be in the 25: steradian field of view of 

(5 )  Cell current must be a linear function of intensity. 

Erron can be expected from several geometric sources: 

(1) Error'is contributed the system by nonperpendicu- 
larity of the elements*faces (Fig. 38): maximum sys- 
tem error = e. 

range from the Earth's surface exceeds 4000 mi, or when 
the phase angle exceeds 75 deg.' this error will fall below 
6 deg. 

, 

either cell kxcept its associated mirror. c.Secondary Sun uensoru. The secondary Sun sensor 
system fpr Mariner B is functionally the same as for 
Ranger and Mariner R. The physical configuration will 
be entirely different. ho\ve\er, with f Q g  of the eight 
detectors integrated into the 4: steradian Stin-sensor 
assemblies. tile other four detectors. plus two of the 
Jz stcradian detectors, will be mounted in two secondary 
assemblies containing two cells each and their shadow 

. 

*' 

I . 
4 .  

,. " 
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Fig. 37. 47 stemdian Sun sensor error diagram 
I 1  

I 

' 
9 .bat. These assemblies will he located on the dark side 

of. two opposed, solar panel.' Integration of' these two 
' 

sensor systems wjll resdt, in savings of both space and 
, .  

I tveiglit: ' * 1 
I 

. I  . I.., 1 ,  . ,. '-.. . ,. 
. I  Fig. 38. Sun sensor test fixturo 

This is c a n 4  by the fact that the, Sun is not a point 
source and its finite diameter causes the shadow to be 
less sharp when the shadow bar is moved away from 
the cell. 

' Aithough the test 6xtur. in ' Fig. is el' single-axis 
device, the flight guidance Sun sensor bill &,designed 
to provide error signals ahout both the pitch and yaw 
axes. 

1 .  

"' ,f. Guinohce SUA aenaor. The guidance Sun sensor wilI 
be flown alwartl Alaririer B for &e during plaqctoapproach, 

t bct\&en thc spacecraft r o l i " ~ x i d ,  and the 'Sun link. The 
angle bct\tcen the spa&craft toll'axis,and the spacecraft 
planetllinc is dctermincd bytths qpproach planet scanner. 
These two angles are added. to obtain the Sun' probe 
*pltinet angle. Stprting a~rproviin~tely 10 d a y  prior to , 

' planet encountq. +is information will he sampled for 
.use in determining ,the t rajbcto~ corrrction maneuvers. 

t 

6. Coiopur Sirnulotion 
1 Adequate testing and calibratibn of the star sensar for 0 ' 

use on 'the Mariner B spacecraft reqriires that a precise 
simulation be made of the star Canopus. The Gmul$on 
shoiilcl provide good collimation. The absolute slwctral 
energy distribution should be within specified limits. ihe  
irradiance should be uniforhi, within specificd ,limits, over 
the' arm to be used 

$ 9 ,  - Its functiuqis to prAide an accurate readout of the angle 1 

8 .  

. 

the star'sensor'in testing. 
. *  

7 ? ~ !  sensor' i s  ,rc&red-to have an output which is 
linear to ?la 3 u bvcr a rangi. of 210 min. Figure 38 
SIIOWS a Sun sensor test fixture having qn adjirstahle 
length shadow bar. This devicti will be used to determine 
the optimum lepgth( .bctwecn thc cadmium-sulfide cell- 
ahd the ed@ of the-shadowqbar which casts its shadmv 
on the cell. The sensors scale fa&or increases as the 
Shidow bar length is &creased, but not propartionally. 

I I .  I ,  

Work has been initiated to +vide a labyator). simu- 
lation of Canopus with the re'guired charactcsristics. In a 
parallel effort, a program has I m n  initiated to more 
pedsclv difiiiethe spectral irradiance of Canopus outside 
the Earth's, atmosphere. D&a. from previous s p t r a l  
measurements made of Canopus and other'refemnce stars 
from the southern hemisplieie arc k i n g  rrulurd. It is 
anticipated that the spectral irradiance 'of Canopus he- 

, * .  T. 
' . '  
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t w r n  3800 and 5500 A will bc specificd to an acwracy 
better than 5%. while outside this regioni the accuracy 
will he bctter than 10% 

Thc simulator will utilize a high-pres'sure xenon arc 
for a source. The  spectnim of the source will he mcxlificd 
by suitable filters to more nearly approximate the Cain- 
opus spectral distrihution. The c-ndenser op t id  will lw 
all quartz and an off-axis pa rah la  will be u s e d  for colli- 
mation. The cwllimated star bundle will be 5 in. in 
diameter. 

' To calibrate the spectral irradiance of the Canoprk 
simulator compnncmts are k i n g  procured to hriild a 
spcctmracfiomctrr. The spwtmradiorneter will ut'iliic a 
Ipiss dbuhlc monochromcter to c m p & e  the $simulator 
irradiance \vith tly irratliilnct from a reference lamp 
spectrally calibratvtl hy the Sationdl Bureau of Standards. 

7. Horizon Scanner 
I 

C .  Trsting o r  tne horkiii ,  SCZiii ici .  '$r~.io;:s!y reported in 
SPS 37-9, has rontinued. Figure 39'shows the horizon 

\ .  
4 ,  Fig. 39. Horizon rconnor ,i", ' , ' t 
, t  

. .  

. '  
scanner, with thc war cwer  rt.inovcd. mm~ntctl in a tr-st" 1 ' , ,,.' , 

fixture. This fixture allows precision alignment of tltc. ' 8  ,'% 

horizon-scanner mounting f l a n p  with rcywct to a (lis-' 
tant sirnu~atctl Iilitnct. ny using this fixture the optical ' : 
aris can he ad j~s t ed  to coincide. with the mcchanical 

, axis. The firtwe rotiltcs tlic horizo'n scanner a h ~ t  its 
front nodal point to rnalde calibration of thc crror-output 
scale factor. , . 

For testing of the hokiron scanner for function:) per- 
fomnnce with envirnnmentd siniulatinn. a spi~cc hack- ' 
groiind simiilatbr. has Imm designcul . and fithricattul. 
Figure 40 shows the horizon scanner mrnnlntcd in tltc \ ~ J ( T  

hackground siiniilator. l h e  simulator consists of ail ont- 
side wall of foam insulation, a lijrli(l nitrogen shroud. 
ami an intcribr cavity which can bc evacrlatrd to less 
than 10 ', torr pressare. n i e  interior of the cavity is 
treatcd to ha\:e tt high emissivity. The interior surface 
area is large with respect to the uncooled area where 
the horizon scanner lmlis in. thus the simiilator .appears 
'to be a black body with close tb unity emissivity at a 
temperature of,.T;K..Thc \vindow of the Iiorizop scanner 
also series as the yindoty to the simulator. To simiil;itcb 
a phnet's rwliancc against the space background, il small 
heated conical cavity is located inside the large roolr*d 
cavity. The hcatcrd ca\.itG can he wt 'at any desired 
temprratrirc for tiwing and ahsolritz radiometric cali- 
briltioq of the horizon scanner. 

. .  

Fig. 40. Horizon scanner m t  

I . 
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a Prclirninary t n t s  with the wnulator have confirmd the 
cxistc*nw of a space. bachgrdund prnhlem. The hattirc 
of tlic problem is t h t  the svcr-ali ;.fhcic*acy of the optical 
systcin (containing file elclnents of germanium: window, 
two \vetlgcs. ohjcwt rve and dctwtor cmcrsion clemtmt. all 
lo\v-rc.flcctance coated to peak at IS p )  is approximately 
SCM far 300-K radiation. \$'hen the horizon scanner is 
Imking at a homogemus  badgrmtnd, at a different tem- 

, perature than the instrument is internally. any variation 
of the optical efficiency 3s a function of the wedge angle 
will result in a change of energy on the detector. This 

- 

- 

change will gi\.e an unwanted signal dcscribtd as aperture 
moditlation. IIW e&ct 'of tIiis apcrtiire.moduIation is to 
rcducc the horizon scanner sensitivity by increasing the 
noise level. An investigation as to thc cause of,this apcr- 
hire mtdrilation as a function of wcdgt- angle is being 
made. I n  addition, sev6ral approaches to compensate for 
the mcxliilation. such as selectecl masking of the wedges 
andtor limiting the slwctral rcspnnse to the regiqn of 
maximu+ ttiinsmission. arc ' k i n g  investiga'td. 

I .  

AdditiGiiii! cnvirnnn?cr?t:il 'tests have inc lndd  vibration , 
and accc-Jcration tcsting o f  t,he horimn scanner. Prelim- 
inary results indicate no mechanical failures in these tests.. 

8. lmage Dissector 

n r c e  image dissectors, previously described in SPS 
37-12, have been received from the contractor to date. 
Bnth functional and environmental testing is proceeding 
on the t\ihes. Figiire 41 shows the test equipment for 
functional testing. The imdgc dissecthr is mnuntcd on a 
'pair of rotary tables in such a manner that 'each'table 
provides rotation id one axis about an identical point. 

Fig. 41. Image dissector test 

~ 

I ,  

I 

T h i s  point is choscn to be coin<.i(lent tvith thc rcntcr of 
cuwature of the ~d~otcw~thcnle. An optical image in frwc.us 
on the ciin ed pllo~WdtllidC will tiitis rcm.ain in fwiy 
as the tube is repositioned. .4 microscope ohjcctivc is 
usel  \o form a reduced image. from tlic sliclc* projt-rtor, 
on the face of the pilotocathode. For scnsitikiti !ne.\$- 
iiremcnts, the microscope .objective and projector arc 
remov&. Light from a pational Bureau of Standards,cali- 
brated source, located in the lamp homing shown at the 
end of the bench, IS allowtd to illumin.rte the photo- 
cathode. 

. 

I 
Preliminary functional tests time given the following 

rmilts. n i e  tleflection linearity over a '-.-in. area of the 
pliotocathodc is better than 1%. Tlic recoltition at the 
center of the photwathcde is suffit icnt to give .uM incklti- 
lation of a Bar chart with ?-mil spacing I)c*;wcu-n ttie 
alterndte black and illriminatcd bars. A t  14 in. from the 
cente-r the mrnltilation has decreased to IM a i d  tlcgen- 
eratr\ badly further out. The riscftil arm of the photo- 
'qtlicxlc is tliiir mnsiaered to be appronimatcly"~ in. nncl 
\ \ i l l  hc more specifically defined by the resolution rcquirc- 
ments of the particular apidicz:im of !!%e !Q!W Since 
the sensitive area of the. photncathnde is approaimatcly 
1 in. in diameter, the iisefrd area i s  determined by the 
electron optics limitations. The resolution dcws not appcar 
to be improved by increasing the electron optics accel- 
erating voltage in &cess of 600 v. 

I 

An image dissector mounted in its housing has been 
subjected to the design qualification typwpprovnl vihra- 
tion environment. No effects $tie to this environment \vcm 
notiryablc dn subsequent retesting of the t u b .  

Work on development of n hiFli-tc.mperatrlrc. photo- 
cathode for the image dissector \vas initiated. The ptirpnse 
of this devclopmcnt was to provitl(* a tulw tlr.rt \voiild 

hnve the capability of.witlatancling sterili/atioii tempcra- 
turcs (1WC for .36 Iir) with no srihscqiicvit 1o.;5 in wn- 
sitivity. Sta\.eriil tubes \vrre constriictcd, riritig .I l i i lhs i l i  
plwtocathotlc of sodium potassium. Tl'icsc tubes tl i t l  not 
mcct the rcqiiircd sensitivity. having a rc5ponw of 5 to 
10 ltnmp liimcn (2870-k: color tc*mIwmtiirc* inciclent light) 
.is cnmpared to the '50 Itamp Irimen from .L t \  pical, 
S-11 photocathode A ch,incc in 'tlic Jlnrincr R tlcsign 
requirements ha.; c*liminatcd thc need for stcrili7ation 
capabilities in the initial systc-ms iiring the irn.igc (lis: 
wctors. These changcs, togcthcr with the initial hi+ 
tcmlwratrire ~hot&atliotle tliffictiltrvs. h;rvc rcwltctl in 
3 decision to prwcrd with thc 
continrie the high-tempcratiirc 
rerliiced long-trrm basis. 

~ - 1  I' piwtw.ittitn~e ancl to 
tlcvclopment cffort on a 



Soine initial ktiiclics h a v ~  h r n  made on the problcms 
of the design of an optical system, with field, corrtctor, 
tn work y i t l i  dit- 'ctirved (Ilt-in?, radius) photwathcxle. 
These stiidirs haw inclicatc-d t1i:it thc use of atfiber optics 
'facc platc for the ptiotonitiltiplicr \vould ease the optical 
.design problem and would also'rcsult in imptaped image 
, quality. Work has h e n  Atiatcd. to inc-rprate a fib 

optics face plate into the image, dissector. 

- 

* 
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, 9. Cunopus Ttocker 

I 

b 

The Canopus tracker is desifltd, to furnish the third 
axis reference for tlip Afarfnor B attihide-cpntrol system. 

, I t  is a no-n'mving-parts dmice that prntnijes to Iiavc the 
long lifetihe necessary fur planetary missions. 

, .  ,> + * *  I 
4 

The hcaq of the system i s  an: image diswctor tu&, 
devcloppd un&r JPL Contract, 9.SOOM .by CnS Lahfa-  
torics. This tube p c r d i s  a s!i!-s!?2&d prtihn (0.m X 
0.070 in.)' o f  a plwtocath'de (O'!%Xi-in.'diarnetcr) to be 
ins;antankoeously examined by ri lkstage photomultiplier. 

, i i  use, an area Qf sl)i\w eqgivalent to 4 x 32 dcg is 
imaged, on the face d thc tqbc by a fast, wide-angle 
optichl system. Thc 3;?-clcg view angle is psjtioncd on the 
spacecraft t o  iqiliide all possible Sim-pr&-Carlopur 
angles1 for trajectories ~ r t ~ ~ g l i l v  within the ecliptic plane. 

, The portion of the cathale along the 32 deg is dr-termined 
by the Ganopiis cone angle generator from #input< by 
CC&S p're&tcminrd program antl by hvo ' rndcs of 
ground command hackiip. 

' ' I  

. .  * 

.- 
, .  

4 

' 

' 3  1 1  

. The slit is effectively swept perpendicular to its long 
axis through 4 dcg, peak-to-prak by a 20-cps triangular 
wave. ~ h c  tub& hutput is a pLiIsc train of 40 piiIscs/scc 

- , whose pljasc rc4ationship to the sw'cep uo1,tage determines 
the error signal aboqt the rollqaxis. This roll error signal 
(Fig. 1.'),is prpdiiced by sarpplink the s\v&p voltage at 
the moment o f  the star piilses and holding. this voltage 
between. pdscs  The triangular' y a w  shape permits a 
high dcgrw of rejection of offsets caused by sampling 
delays, variations in pulse char:wtc~jstics, and variations 
in amplitritle and frcqucncy of tho sweep voltage. 

+ 

4 

Figurc 43 sho!vs the traclicr block diagram. Sotc that 
an iritcriial sip,il rcqwcsrntiiig star "cnlhr" for atltlitional 
uicIcntification*+ is AI gmeratecI. S-1 1, m.ignitrtcIc and star 
conr  ;ingle (and t o  soiiic estcwt cu)ric*-angIc ratc) are the 
only information iiscti for C.iti!q>iis idc*ntific.ation '(iivail- 
able to the star tracker itcclf ). The thrc.rltold gatcbs will 
lw set ilt ;ippro\iiiiat~4y a fa t tor  o f  1..)..5 fmin noniin.il 

. . calcul.ttcd Cmopus apiplitiide. In the evcnt t h t  the 

. 

~ 

1 ,  

I ERROR ANGLE, dog 

I 

Fig: 42. Roll error signal 
' i  

ROLL ERAOR %trkEF-p---]' I T t -  S I G N A L .  
t w w a  

Fig. 43. Cunopur tracker block diagram 

\vrong qclcstial object is acquired, cornmind access 
!hr'ough khe omnidirectional , antcniia is available as a 
backup. In this event, I( roll overridcb comrnand'will bc 
given and the spacecraft will lwgin a roll scarch for thc 
next "acceptable" bright objtrt. 

The Canopus tracker is mecllanically packagrd in thrcr 
pnrtions \vith a total weight of ahorit 7 'Ib. The tracking 
head containing the image dissector, optics. 45-deg mirror 
antl lens shade, proamplifier and liigh-volt.igc supply is 
moiintgd to the side of the integrated 1 ,  guidance package 
in a slmial carrier designed to mintain gligninnent to 
thc planet apl~rnacli scanncar. Thr. t\vo rlcctronics portions, 

. thc Canppiis cone anglr gcncrattlr and tltr Canopis 
tracker cltxtron'ics aro cadi picliagtd in .\lnriticr. R 
I . ? ~ - i i ) .  stantI.ar;l mcKIulc5. TIW c+u.tronic.s rcq1iirc.s ahout 
I \I of .'4(10 ( ps,  .SO v rms. TIw cntirc. tr.icLiiig Iwad can 
rot;rtc*c1 to lwrmit clikerent roll IWII pnitions  MI tlais 
diffiwnt iiominal roll attitucks of  the spicccraft. 

I '  
, .. 0 '  
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Tlie prohlems a s ~ w ~ , i t m t  with d c \ * c  . qlmvnt of tlw 
- C.inopis tricker Iiavc mo\tIy nmcc*rnnt tlic image* tlis- 

srctor b t ~ a i i s c  of tlic contplrxity of thc device and thc 
stringcnt re~~uirc~tncnts 1)l;icd on its Iwrfohancc. A prob 

- lem wit11 optics ~xrarisc o f  tlic ciinwi, photocatlde bas 
Iwen solved with a fiber optics fnceplatc. A problcm with 
variations of sensitivity o f  the- tube aeross its face may 
eventually require a specially graduated filter in front 
of the tube. A problem with voltage breakdown across 
the tube base has been solved. 

, 

Other problem areas \\*here soltitions are in sight are 
the fast \vidc*-anglc optics. rne.r.lianica1 stability and aline- , 

incnt of {Ire tracking head. and electronic stabilities. 
, Stability rcqiiircmcmts of all kinds ,are very severe, not 

otdy for attitiidc- cantrol, brit prjinarily for successful 
soliitioq of planet approach guidance. 

* : 
.The c1t.vclopnicwt \vorli has all been done at JPL oi 

under JPI, contiarts Tliesc includc contracts to CBS 
- 1;12wratoric*s for image- dissectors. the Tc Company for . 

optics, and L)I/.iS Controis for tile Cilnopiis cmi' mg!e 
gvnerator. During de\ elopmcnt cffort, a request for bids 

, w,is initiattd. \ t i t i]  Barnes Engineering Company bcing 
tl;c su:,.ccssful bidder f,or tlie fabrication arid testing of 
complcte C.uiopus tritckt~s. During thc finill devclcqment 
effort, Harncs Engineering has their project engineer resi- 
dent at JPL to ensure a smcwtli and rapid transition into 
the prrxtuction phase for the Caobpus tracker. 

, 10. !elating Detector for Sensor) Response From I 

Oqe Radiant Source to Another Through 
on Intermediary Jtbndard 

h .  

If  pn o'ptical srnsor such as a star tracker is to be 
aq,ttirhtcly thn.sIiold-ca1ibratc.d and, i t  is not possible or 
is in&nvcnient to calibrate on tlie actual star, a simulator 

* . a  ' inust be used. IBealIy tlic siniulator sbodd have the same 
* nbsolute spectral "oiitpiit" as the star. outside the Earth 

atinospherc. This iq diffimlt, since present soitrm have. 
' spec?ral charactc-ristics much different than a typical star. 

, ' 1 TIW following calculations indicate a. practical approacti 
of relating tracker rrslwnse on ope source to that on 

. another source throu'gh ' an intermediate iahbration 
(whioh would logically be the ft-candle or other con- 
venient standard). 1 

Assumptions. ' 

. -  

* Star ot ce~cstial r e ~ e  'outpit" at the tracker location 
I .  t 

. I  . 

Tracker response versus wa&lcngth 

Area of collecting optic . * 
A cm' 

Star or wlestial reference outpit in ft-candles at the ' 

tracker location . 
I 

I9301 6%%, f:(A)V(A)dA 

' Computationc. 

For tracker output when operatcd' against simulator to 
be equal td fhe same as its output against the star 

and if simulator ft-cindle flux equals4 times the star 
ft-cahdle flux then 

. .  
I 



A 

I 

1.334 

0.174 

I .3 
1.41 

- 

I .7! 
1.33 

0.9 

1.21 

1.43 

I .a 
1 3 4  

1.31 

0.828 

&44? 

1.31 

1 . 1 3  

2.68 

1.162 - 

. substituting (3) into (1) yields ' Toblo 9. Typical voluor of R 

Sirnulalor urn. typa P 1 I, (A) V(A) d4 LZ/: I., (AI  dA 

1 yz 0 1 V @ I  & 1 7, (A 1 f,  (Ab dA 

The simulator should therefore, be set at a ft-candle level 
that is R times the star ft-candle level. When this Is  done, 
the sensor resp&se to the simulator will be equal to its 
response on the star. 

Ty-pical values of R 'are shown in Table 9. and we 
. subjkt to individual variation in detector respqnse, 

assumed Canopus curve, etc. They are, therefore, corrm 
for published nominal values only. 

R'= (4) 

lmcker respbnu 

S-I 1 photomultiplier 

5.1 1 photoruldplior 

S-I I photomultiC(ier 

5-1 I photomultiplier 

5-1 I photomd8ipli.r' 

5-11 X L I E S o p t i c s  

S - l l  X LIESoptics 

S I 1  X L I E S ~ t i c s  

S- I 1  X LIES optics 

I1 I I x LIES optics 

S-4 X LIESOptics 

S-4 pkotoawltiplior, 

silicon n H  X LIES 
Opciu 

silicon coii 

5- 1 I x LIES optics 

Sol1 X LIESoptics.  

S- 11 photomultipliw 

1-1 1 phofonulti~4.r 

, -  

~~ 

Xenon 

Xenon 

Xenon 

Xenon 

Xenon , 

Xenon 

Xenon 

Xenon 

Xenon 

Xenon 

Xenon 

Xenon 

Xenon 

i 
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Figure 29 shows the equipment used t o  rhwk o t r t  the 
Rangcr Earth sensor at  AMR; Fig. 30 is a block diagram 
of the test equipment.. The short range Earth simu- 
lator simulates the Earth at its color temperature, various 
sizes, and light intensities of the Earth at mid-course and 
terminal maneuvers. The long range Earth simulator has 
the added feature of protiding various phase angles'of 
the Earth. The short range karth sensor is mounted on 
top of a mechanical alincmmt fiyture and a T-2 thendnlitc 

9 I (Fig. 29). The Earth sensor can be rotated to any des i rd  

lite. and the mechanical n t h  position af the Earth sc'nsor . 
with respect to the Earth can be determined with the , 

, mechanical alinement fixture. The small telescope on * 

the mechanical alincment fixture is adjusted parallel to ' 
the mounting reference surfaces on the Earth censor using 
autncollimation techniques. Voltage outputs of the Earth 
sensor are read out of the dynamics meters after the sig- 
nal has passed through dcmodulators and simulated Imds 
as w o i i l d  he in the attitude mntrnl siibsystr-m. Figure 31 
is the final circuit diagram of the Ranger Earth sensor. 

, 
0 

e 

angle with respect to the Earth by means of the thmdo- ' 
I 

Figure 32 is the actual Earth sensor plot of roll and 
hinge voltage outpits versus angle. Table 14 shows typical 

+ 
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Fig. 48. Mirror (45 degl 

ing when the sky is overcast, and when higher levels of 
ultraviolet are needed than can be obtained from the Sun 
through the Earth's atmosphere. 

I 

The lamp housings are equipped with removable watef 
cooled apertures; the water amling is  to keep the aper- 

tures near room temperature ciuring lamp operation so 
they do not appear as bright infrarrd sources. 

A t  present, there are thme different apertures available. 
which simulate the Sun's diameter at  \'enus, Earth, and 
at  Mars. The highest intensity Irvc l  is obtained witli no 
aperture on the lamp housing. Intensity levels are: 

Measured intensity, Pcrwnt of Aperture desired it-candles 
6 e /  

' 5 5 0 0  I .  
None' 
Sun-Venus 
Sun-Earth 2300 18.6 , ' 
Sun-hf an 

3500 12.0 

1100 . 16.7 

* The arc crater is at  the primary f m s  of an elliptical 
reflector inside the lamp hnusing, and the aperture is at  
its secondary focal point. The aperture is also a t  the focal 
point of an off-axis parabola, which is 24 in. in diameter. 
The crater image is then reflected to the front surfaced ' 
15-deg mirror and down to the cement pad in the dome. 
Figures 48 and 49 show the 45 deg and the parabolic 

, 

. .  
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. Because there is only a half illuminated Earth in the 
. hinge direction in Fig. 32(b). this effec? i s  very much 

diminished. 

h e  Earth sensor functioned in Rangers 1.2, and 3. On 
Ranger 4 the Earth sensor was never energized. Rangera 
1 and 2 operated in a low Earth orbit'and the Earth sen- 
sors indicatcd acquisition on \ighted objects with Ranger 
1 giving more information, in general. The Earth sensor 
appeared to be operating correctly even though its tem- 
perature was close to the maximum allowable Earth 
sensor temperature, and the intensity of the Earth was 
10 times brighter than expected on normal Ranger tra- 
jectories. 

* 

Ranger 3 provided the first good inflight evaluation of 
Earth sensor performance. This evaluation indicated !hat 
the sensor performed as intended during flight. A 
spurious pitch command at terminal (Moon distance) 
caused the spacecraft to pitch in the direction of Earth, 
&eniuiiIIy hriiigiiig, the S U , ~  h i d e  Iwctwtxn Earth sensor 
and Earth. This caused a loss of Earth acquisition. From 
this point on, the spacecraft performance became quite 

- 4  confused and further Earth sensor performance cannot 
be adequately stated. 

. 

-- Figure 33 is a plot of simulated Earth sensor light 
intensity data calculated for the Runger 3 flight and light 
intensity telemetered back from the Ranger 3 Earth sen- 
sor during flight. The correlation between the two sets 
of data is good. The simulated data was calculpd con- 
sidering the Earth to be a perfectly diffuse (Lambert) 
reflector3with an Earth albedo of 0.4. ' 

picture of the Ranger 4 light hcmd in thc Agena B adapter 
Earth sensor cavity. Anothcr constraint is that I f  a light 
hood is largcr than the one used on Rangcr 4, the llght 
hood will come in contact with the Earth sensor Sun 
shield when the high-gain antenna is rotated lho clep to, 
be clear of the mid-course motor. tiring. Figure 35 is a 
picture of the Rancer 4 light hood at an antenna angle 
approaching 180 dcg. .4 last constraint is that the Earth 
sensor must be able. to track the Earth to a maximum 
antenna angle of 145 deg. 

I 

1 The Ranger 4 light l i d  is made out of silastic rubber 
with thin strips of Teflon film honded to it at the areas 
that to&h the walls of the Earth sensor cavity, in the 
A ~ P M  R adapter. T h i s  light h d  permits -11SO-deg yaw 
angles and an Earth-proheSun angle of -73 deg or ' 
larger. This hood had undergone a rather thorough test 
evaluation prior to the Aanger 4 flight, and is the most 
logical light hood to he used on Rangers 5.6, and 7. From 
preliminary trajectory information, the Ranpr 1 light 
' h b i  "odd permlt 6nng on 17 days out of a possibic 
21 days. 

Other light hoods which would permit more firing days 
have been and are being designed. A prototype model of 
9 metallic light hood. which would permit an'Earth- 
prbhcSiin angle of 65 deg or larger and t180-deg yaw 
angles, is being"eva1natrd. 

As)mmetrical snow and cloud cover coupled with finite , # 

size of the Earth will cause the Earth sensor to have a 
roll axis error. (Hinge errors are unimportant to guid- 
ance.) An estimate of these errors indicates them to be 
approximately S% (30) of the Earth apparent diameter 
(approximately 0.1 deg at terminal and 0.25 deg at mid- 

The Ranger Earth sensor ~ e e d s  a light hood to shade 
its optics durink terminal maneuver for Earth-prohe-Snn 
angles less than 93 deg. The light hood would experience 
the following rather wide range of temperatures: a maxi- 
mum temperature needed for heat sterilization of 326OF 
for 2 hr to a minimum temperature during the cruise 
phase- of dight of -300'F. The light hood must be 
deforined in shape to fit into the Earth senwr*cavity in 
the AgeM B adapter. The light hood, combined with all 
other factors, cannot &use a tipoff rate larger than 3 deg/ 
set during Agena &Ranger sefiration. Figure 3.1 is  a 

b I 
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Fig. 35. Ronger 4 light hood at an antenno angle 

opproarhing 180 deg ' 
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Fig. 46. Illuminated dust particle shaft, celestial 
simulator building 
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2. Celestial 'Simulator &b&dory rest h c i l i t y  
' 

The celestial simulator building (SPS 37-5) has a very 
high dust particle count. The %in. D beam of sunlight, 
when direc,ted down through the air, results in a bright 
shaft of illuminated particles (Fig. 46). This particle illu- 

q mination has interfered with certain critical sensor tests 
when the sensor is being checked for stray light sensitiv- 
ity. An indication of the brightness of these particles is 
given in Table 16. I 

' 

- 
t t  . 

This level of brightness even at the O-deg elevation is 
sufficient to cause the Ranger short-ange Earth sensor 
to deliver an acquisition signal. Calculations show that if 
sensor viewing path lengths are to be held down to 10 cm 

' (sensbr within the light beam and looking out), and dust 
I particle background ilhmipation is to contribute only 1OW 
of the Earth seasor. threshold level, the brightness must 
be rduced  to 0.03 ft-lamberts (looking through the %-in. 

I .be&). This reduction should be,poarible through several 
41 , ' d c c r t i o n s  currently being planned.   he mOdifications 

' *a,-: . -  I * I  

. ,  

(I). Installation I of a 3000-ft';min blower (10-min air 
, change) to  m a t e  a positive pressure in the dome, 

drawing air out at the bottom of the dome, passing 
it through a bank of W' efficient filters (at 0.3~) 
and returning it ta the dome near the top. 

This is important since the mirror i s  not over mated, and 
its surface is easily scarred by cleaning. 

3. Sun Sources 

a. Heliostot 8 y S k m .  .\lthough no spectral distribution 
cuwe has been taken as yet, for hither the real Sun 
(helimtat system) or the artificiel carbon arc Sun source. 
foot-candle levels have becn measured at the cement pad 
on the floor in the dome room. Atmospheric contamination 
determines how acvlurately the heliostat servosystem will 
follow the Sun across the sky The tracking error has b v n  
observed to vary from 6 sec of arc on a smog free day to 
from 30 to 60 sec of arc on a heavy smog day. On days 
of heavy air pollution, the edge of the Sun's image is not 
sharply defined, thus the senmystem hunts tn seeking 
the zero error. The flux level using the heliostat system 
is approximately 3500 ft-candles. or 27.8% of the free space 
solar canstant in ft-candles. This is significantly better 
than cm be produced by the carbon arc simulator at the ' 
correct Sun diameter. 

' ' 

. 

Tigures 47 and 48 show that the heliostat mirror'and 
the 45-deg mirror are extremely dirty. The heliostat mirror 
is not pitted to any significant. extent, thus cleaning' 
should return it to its original condition. The 45-deg 
mirror, however, seems to be pitted in spots.'and may 
have to be resurfaced. 

' 

. .  . I  

(9 Remova1,of black carpet and installation of black 
tile floor; since little or rlo air is introdutxd into the 
dome at present, it is felt the carpet is the major 

bl C& oIc -.sl;n Met. Thb mifi&i sun 
b;li]d- ~ T c e  wpJ to ellow tests to be nln in 

' cause of the dust problem. 8 ,  

$ ( I  

A slight ,positive pressure seems to exist at present in 
1 the dome room rip& 'dust @articles rise up  thrmgh the 
, Sun opening in the top- As these patticles strike the U e g  

front surfaced mivpr. many of them adhere, to it. con- 
tamhating the & f a c e .  Reducing the' dust level should- 
'reduce the amount of cleaning 'requited for the mirror. 

. 

+ 
' 
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8 .  . lablo 16. Bdghtnoss' Iovois as a function 
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. .  
Fig. 47. Holiorht minor ' ' 
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SUk IMAGE 'CWM ' , ' ,"mirror k i n g  t i s d  with the arc lanips I t  I( interesting to 
notv that thew mirrors, which 11rvt. not h c * n  spmdlly 
coated tri increase rt*Hectascr at any pdrticiilar wave- 
length, ark only 75 to 8.5% efficient (per mim)rj in the 
silicon svlrqr ccll region. 

* I  

veuus 
* e ,  

Figure 50 shows relative variation in flux acrms the 
simulated Stin source beam. These meas,urmcnts \vert* . 
taken iising'the carbon arc Sun simulator arid three alwr- ' 

tiires wcre,ured to obtain tlw si7e of t t w  Stin as seen from 
Venus. Earth. and \lars. Readings > t c w  t&n from a 
10-ohm bad across the otitpirt of a Hoffman cilirwn solar 
cell Typi.'SK)r\. The iniage \vas f tmsed on the cell 
through a 10-in. teltyhoto Itvs \vith an aperturt? setting 
of 122. For, c~,mparison. the wme cell .ind lcns scttinn \vas 

1 

. 

Test condition 

I Full Sun (outside) * .  
Through heliostat (1 mirror) 
Through heliostat (2 mirrors) 

\, 

used to measure $in intensity at JPL on July 26, 1961: * 
' EARTH 

Intensity readings. ' 

mv' 

e42 
196 
1-47 , I 

M M S  

s (1) Convenience of access between dark rooms and 
electronic breadboardiqg technician areas. 

I 

(2) Versatility such that varying phases of sensor de- 
velopment could all be handled by t h d a r k  rooms. I 

. /  

(3) Several , light-tight compartment so that testing 
could be conducted on many items simultaneously. 

9 These requirements led to the construction of a long 
dark tunnel divided by four plastic folding curtains. The 
folding curtains allow t w h  small room to be sealed for 
individual mpcrimmtation. \\'lien requirements arise for 
a long optical shot tile four c t i r t h s  are all pulled aside 
as shown in Fig. 51. 

READINGS ARE IN MILLIVOLTS 

Jig. 50. Variations in flux across simulahg 
Sun SOUICO boom' 

/ ,  
" ,  

I 
I LC , 



Fig. 51. bark room facilities 
* *  
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acrow reor scctlod of the celestial simulator building 
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Fig. 7. Long ronge Eorth sensor tort equipment 

4 
0 . espe'c.ially the 45-deg bevel, and (2) introduce wave-shape 

discrimination into the acqriisition channel. The LRES 
has been qiialifid and madeaready for flight. 

- . I  Testing of t h e  LRES is done with an Earth-Moon sirn- 
ulator and a Griswold* optical dividing head; the test 
setup and rack are shown in Fig. 7. 

* . r  

# 
4. iong-Range Earth Sensor 

The long-range Earth sensor (LRES) is uffected by 
off-axis disturbances, to some degree. Extensive testing 'I 

was peTformed to estirhate and correct this defect. During 
these tests, additional problems associatctl with: properly 
simulating the space environment arose. Extraneous light 

,i *" 
I ' wak also reflected from test equipment. dark rcmm walls. 

and operating personnel so that the .results tended to h* 
, on the pessimistic side. 

. . .  
3 .  

I ' ,  
; 

, 

: , 

During initial testing a prohlem arose due to the front 
soda& of the vibrating reed being highly reflective. Soia- 

r tion to the problem was twofoldf (1) blacken the reed, I 

The Earth-Moon sirniilator (Fig. 8 )  is a device designed 
and fabricated by hrtronics to present a simulation of ' 

the Earth, Moon and Earth. or a star, The simulator 
provides the means with which t o  determine accuracy of 
alinement and flin level responge. Continiious variable 
levels vf irradiance arc availahle for discrete distances 
from the *Earth. There are providd five different Earth- 
ph.rse positions for the larger size di.iintitcr Earth The 
simulator provides a Sin. diameter collimetcd light uhich 
is good to 5-sec-of-arc accuracy with reference to the 
point source. Earth diameters from 5.41 1 to O.ooo.151 deg 
can be simulated (in discrete steps), and variations in flux 
are possible over a rhge of 159.7 X 10' to l.P! X 10 
W /ma. 

, 
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Fig. 8. forth-Moon simulator light source 
and reflector 
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2. Long Range h t h  Sensor, Mariner 2 
The Mttrirrcr 2 long rangc Earth sensor (LRES) pre- 

' vioiisly drscribcd in SFS 37-0, -9. -14. and -16, Vol. 11. 
I 

pcrformcd vr'ry \vel1 during the Venus 1961 mission. . 

. " I 

. .  
, 1, 

\ 
t 

, .  
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I 

Thc LRES uses it single, end on, %-in. diameter. S-11 
yliotocathotlc~ Dninont photoiniiltiplier t i i h  and a Z-cps 
vitmiting rccd light choppcr in its tnechanization. A 2-fn. 
difinnwtrr f/1 leiis imagcs the Earth on the reed which is 
shapccl so  that, cssciitially, phirsc yields roll error I .  infoma- 
tioii. and piilse \vitlth (minus A constant) is proportional 
io hingt: CriOi. To !;old ang::!zr sc:..!e fart~rs  mnstant 
over a very hrgc  dynamic range of Earth illuminance, 
photomultiplier outpiit pulse itniplitides were held con- 
stant itt itbout %O panip tliroiigli a high voltage regillation 
loop. Tliis \'cry low current outpiit also assured an ex- 
tremely long photoiniiltiplier tiibe lifc. Thrcshoid of the 
LRES was set at  4.17 X lo" ft-c, to prevent interference 
from bright stars (npproximatcly a factor of 10 greater 
scnsitivity was actually availalile ). Maximum Earth f lux 
on a typical mission is approximately 0.1 ft-c, which. 
yielded a tisei1ble dynamic rangc of flux, input of 24,OOO. 

i 

The 165' F in-flight 'tcmperiitures near encounter far 
cxceetlcd design limits; ho\vever, the large sensiti\*ity 
margin ( a  factor of 7.6) enabled, Earth tracking eon- 
sitlerably past encounter. Actiial drop-out occurred a t  an 
E x t h  rilngtx and phaw of 86.6 x 10'  km and 15.5 deg, 
rcspccti\Vly. Computation of Earth flux 0 at this point 
indicates ;I loss in sensitivity (the to the very high tem-, 
peratures) of a factor of 3.1. 

i 

The IAES dependably and accurately delivcred its 
2-asis angular error signals to the attitudc control system 
€or the duration of the mission. There was, hrhwver, one 
perplcsing discrepancy during the mrly days of the mis- 

. .  % sion. For cngjneerinS.cvaluation of thy LRES. a telem- 
ctry rc;doirt proportional to thc' ser';'bCd high id t age  
(indic.;iting apparent Earth illiiminance) yac  incliidcd. 
At first arqiiisitim this tclcmetry rciitlorlt indicated that 
oiiv of the following prot)lr*m miditions existed: 

( 1  ) LRES scnsitivity had fallen by a factor of 94. 



' tion field and also to an electrbn bmb?rdmcnt field at 
Atomic International's facility, Canoga Pirk, The lens 
pystem was ghen  a transmission' test before and aft- 
kaeh iadration dosdwith a dosage accumahtion from 4Sp 

. ' Problem I :  Loss of sensjtivity due to adjacent dynode 
elements shortkg together in the pbotomultiplier hlbe 
used 9s a detector in the L.RES. ' 

Accumulated radiation, 

4 

. I  to & rids. 
Ted.  Of thc; ten dynodes in the photorhultiplicr hibc, 

Relative transmission, 

various combinations of d y h d e s  were shorted together 
while the U\ES \\as being opchited. A silpulated Earth 
of, the same size and brightness as calculated fot that 

Rcsctlt. The transmission q u a l i ~  of the lens changed in 
varying degrees as it \vas exposed to the radiation field: 

particulrr time was used. The Earth brightness voltage 
was monitortd on a test rack to'detect an indication 

' similar to thdt o'hiaintd i i i  the ?e!?trr?e!ered data of the 
actual flight. 

t 

$ 

I Rcsult. There ii.ert.',no comhinictjpng of dynode shorts 
which would give ,i losi of sensi t id5 exactly as shown 

'on the actiial telemetered dah. 

L 

Problem 2: Loss of sensitivltv due to contaniination of 
the frdnt lens of the LRES or of the reflecting mirror in 

during separation. 
1 the Earth Sensor h-1 fro"] the Agcrw B ejectioll The spacecraft to the radr*'tron 

belt Cor a few minutes, therefore. the accumulative dm- 
age would not exceed 3ooo rad. The drop in transmission , 
u 

quality u a s  due to the discoloration effect on,the Ihns 
surface. This discolordtion uoriid gradually disdppwr 
When the lens is, to t emprahres  over 100'F for 
a perid of hmc dppending on the actual temperahire 
And the imount of the radiation dosage'accumulated. The 
SJn's rays could also eliminate the discoioration of the 
lens. 

l 

Tea 2. The minor was put through the Same radiation 
tests as the lens system. The reflectivity of the mirror WAS 

checked before and after each test. 

Test. Tests 'were p r f o m e d  at Lockher.4 Sunn!'vdle7 
with- the A g f M  booster ejecting fuel vapor. >IeaSLire- 
nients ofyhe viper density were made at various distances 

f ' 'from the booster. 

Result. This test was witnessed by JPL representatives, ' 
and the results verified the initial assiimption that the 

' maximum contaminatioll caused by the fuel vapor lm- I 

pinging on the spacecraft was so small that it would not 
be a possible source of trouble for the LRES. 

' Problem 3: Dust particles, contaminating the mirror R c d t .  There was no measurable change in the re- 
and front lens causing Q loss of sensitivity. flectivity of the mirr0r.m any of these tests. 

I 
-c 

' Test. Talcum powder was sprayed into the opening of 
the LRES hood to coat the mirror and front lens in \rry- 
ing degrees. ' 

Ted 3. An electron bombardment tt5t was performed 
on the following itcnis a d  each item was tculrd befort. 
and after the test for anv change in w m p n e n t  qrrrlity: 

I * 7 %  
# 

I - 



(3) Photornultiplivr t i i b c .  3000 rad 

,' (4) Transistor2N1711 ( . ' ) , 3 o r a d  ? 
8 . I  - 1  

Rrstrlt The rd;itivt* transmission of tltc lens did not 
, ' Fhanke:.tlte reflectivity of the mirror did not vary; the 
1 .  iensitivity of .the pbtomiiltiplier tube remained the same. 

,and the transirtors were checked for beta. Vco, and Vrbu 

and ahdwi.d nq measurahlc chahgc. 
'. 

' ~ ' *  
. I  

I Problem Sr A s;itu,i.tted prcamplifier in the Earth sensor 
.could came  the scnsitivity to appear low. 

, I  

Trst. Thc Earth. sensor was operated looking at  a fairly 
bright simulattul- Earth to sahirate the preamplifier. and 
then, the i?itensity wa\  gradually tlecrc~asrcl \vhilc. the 
Earth hrightnds volt.iic was bcihg monitored, IVhcn the ' 

Earth sensor ?:.as looking at  the biight simulated Earth, 
the .power to the+Earth sensor was turned on and off 
several times to see what effect this woald have on the 
preamplifier. 

, 

1 . ~ r s i r l t ,  . ~ ~ t ~ i o i & i  :I& prejmplifie6 wq satiirated. it 
, woiild not stay in the saturated mndition with a dccre.ue 

in light intensity. p l  the sensitivity encxxintqred in the 
actiial flight data 'mrild not be duplikatcd. This p s s i -  
bility, althoirgh ccry rcnmtp, prob~bly  is relaticely the 
most likely came of tlw difficulty. , 

9 . 
, 

0 ,  

I ,  

reflected enough stray:lig)it to thr Earth sensor to give a 
low Earth, brightness output voltage. 

Tcst. The Mariner R 3  spacecraft w q  set up  in the 
celestial sirnrilator so that the siniulated Sun wo111d illurni- 
nate the spacecraft in the proper direction. The  antenna, 
with the Earth scnsor mountcd on the antenna yoke, was 
moved in the hinge mis throiigh its traveling range. The 
Earths brightness oritpiit \-OhJge was monitored on the 
tcst rack during this test. 

Rcsrrlt. There was a 10% drop in the' Earth brightpess 
voltage. but this was just a fraction of what was being 
sought. There were more reflections from the walls and 
floor of tiit. sitridator r ( w n  shining into the Earth sensor 
than from the spacecraft proper. 

8 -  1 

Tests will continut. to he made as new ideas and 
t1iTries are generated. So far, nothing has actually. pra- 
duca l  the same Earth brightness readings which were 
encountered in flight.. , 

, The command for the mitltourrr maneuver was delayed 
1 da.y to see if there \vould I>c udy changes in the low 
Earth hrightness reircling. SO. ct;,inces occurred, so the 
conman? tot Initiate the midcourw tnaneriver was sent 
to ihc' spacitcrdft. After the mitlmurse maneuver was 
c-mpleted, tb.c Sun sqnsors orientated the spacecraft. so 
that the extended solar panels \vorild face the Sun again. 

I Thc. Sun gate triggerrd thc relay to ayplv p w r r  to the 
LkES. Aftpr a 24-min"rol1 search.,, the Earth sensor 
,rcqiiired and locked onto thb Edrth. The. telcmetered 



DAYS FROM LAUNCH 

DAY OF YEAR, 1962 
' , 239 249 259 269 279 289 299 309 319 329 339 349 359 

Fig. 3. Aremge Eorth sensor intensity versus time 

I 

noticeable change at  150°F. ,At this temsra ture  the 
Earth brightness output reading changed approximately 

I Table 3. Temperature test, LRES Serial 3 

TOlllprotun 
ImMAltr. 

70 
76 
70 
90 

5' 90 
90 
110 , 
110 ' 

1 110 
130, 

' 130 
130 

' . 150 
150 * 

' 150 . .  

5 x lo-' 
s x lo-' 
I +x lo-* 

' s x lo-7 
5 x  10' 
1x10" ' 

s x  10' 
s x  10' 
1 x 10- 
5 x lo-* 
5 x lo-' 
1 x l o *  

', 8 5 x lo-' 

' . I x 10- 
* 5 x  10' . 

t 

- 0.57 

-2.02 
- 0.60 
-1.2 
- 2.05 
-0.59 
- 1.15 
- 2.05 
-1.23 
-2.18 
- 0.638 
-1.25 
f 2.22 

, -1.1 

4 -0.615 

I 

0.2 v, which is equivalent to a b u t  8 DN on the graph. 
As shown in Fig. 5, the temperature went'from 150 to 
150°F between thc 330th to .UOth day. Also of interest 
are the daily fluctuations of the tc.lemetered Earth bright-, 
ness data which 'varied, rc_S.ZLTC as ,seer\ in Fig. 6. This 
daily variation was concluded to be due to the dinerent 
surface and cloud condition of the Earth. 

< 

The calculated Earth brightness ufith respect to time 
as the distance from the Earth is increased is shown in 
Fig. 7. This calculated Curve as compared with the actual 
telemetered Earth brightness ciirve is shown in Fig. 8 as 
a percentage deviation thring the flight, to 110 days. The 
deviatioii could not be Calculated past 110 days, because 
the telem~tered Earth brightness signal had reached' sat- 
uration. 

1 

Thc LHES opcratcd extrcmcly wcll considering the 
uncxpcctcd high tcmprahires which it had to withstand. 
The Earth sensor was original!)' dcsipcd to operate in 
the ryginn betwccn 32 and 100°F. The ternprahue a t  
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' FLIGHT TIME, doys from Iounch 

' Fig. 4. Earth sensor intensity versus time 

cloccst approach tu Venus w ; i s  rstimatcil to bc 165°F. dS 
\hewn in Fig. 5, which is 63-F higlicr than mtlctpated 
This was an cstin~.itt.d tcmperdturr ~ ~ C J U W  thc particirlar 
tcmpcraturc transc1ucr.r u s e d  on the Earth scnsor satu- 

than 165 F for the LnES cu the spacecraft passcd \'enus 
to orbit +und the Sun. 

rattd .it f 143°F. Tlic tcwperaturc prohahly wcnt highcr 

In thc i m d i a t e  rcgioo of c.r\cc)rmtcr, thc Ear th-Drok 
near-limb of Vcnus apgle iwcaine qiiitr small (EartJi 
setting behind \'en& ). This ".IS the cmse of some cor;- 
ct:rn siqce tests (SPS.d37-l6,  \'d. 11, p. 15) inc1icntc.d 
Earth lock would bc lost under certain coatlitions of 
angle and Venus intensity. Altlioc~gh nolle o f  the t a t s  
sliow*n werc violated, the appmtc 11 \vas close enorlgh t o  
indicate limits to givc risc to wncwn ,ilxwt Ioss.of 10L.k. 
Tal~le 4 indicatcs the angles .ind intcnslties actually ep- 
coiintertd in Rigla. In 
that a Venus/Earth int 
off axis, did not cause loss of Earth lock. 

Icl1l;ir. It is ilrtrbrestjng to n&* 
y ratio of 1a,m, only 4 w 

1: I 

- I  

3 % ~  !Girth m s c w  rqwratt*d utisfactorily iip to !.mtl.!ry ; 
3 .  K963, which was almost .3 wtvkc  past t h u s  time of clos&\ 
.tpprv;rch to Venus. . $": 

. .  

u .  

DfY OF YEAR, 'I962 

Fig, 5. Mariner 2 Earth sensor temperature Oeleme1ry data 

c 

f 



I ' Fig. 6(a,b). Earth sensor intensity versus time 
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I Tablo'4. Venus-Eo& oncountor parameters . ' * - : "  

intensity mcio 

1~4.5 X 10: 
'1:S.Z d10' 

. 1rZ.O x IO' , 
111.) X 10' - . * a .  

. 1 .  

1:1.5 X IO' 
'1.1.55 x 10' 
1 r l . M  x 10' 
lr2.17 X IO' 
1:1.75 X IO' 

/ 'I 
l a . 3  x 10' 
1:z.os x-lo' 

1:9.15 x 10' I 

14.7 x, 10' t 

1:1.64 x lo' 

* I  ;. 
1*4.8&x 10' 
1:3.8 x 10' 
1.3.3 X'JO' 

* '  . *  . I .  
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